WD 02/ 090579 PCT/ AU02/ 00553 1 TITLE " BI O NFORVMATI CS BASED SYSTEM FOR
ASSESSI NG A CONDI TI ON OF A PERFORMANCE ANI MAL BY ANALYSI NG NUCLEI C ACI D
EXPRESSI GMO0.02/050SE.D OF THE | NVENTI ON 5 The present invent ipon/Al@®kaess to a
bi oi nformati cs-based nmethod and system for appraisal, assessnent and/or

di agnosis of a condition of a performance aninmal and its capacity to
performto its best ability. In particular, the invention relates to a

met hod and system conprising a central ﬂy | ocated database and data
processor that respectively store and process information in 10 relation to
nucl ei ¢ aci d expression and a conditildhLBf a performance aninmal. The
systemis well suited for use with mcroarray and genechi p technol ogi es.

BACKGROUNDBIBINFERMWVERS BASER SYSTHM FAR ASSESSINGRNCONDITION, OF &
exanpl e a racehorse, may typically be determ ned by conventional neans

such as a @mbemNbﬁlAﬁﬂ\gAth{QNEA\LGHS'IN'KTQNU_CEL@C%@@ E%ﬁ@%’@ﬁ’/ﬂowt hese

tests are of limted val ue because a correlation between results of a bl ood

profile test or clinical app%ﬂé @I B i jon or state of a
performance animal is nininakf—;ré¥ﬁggﬁgugﬁgﬂili§st may be suitable for
provi ding sone info tion jn relatiopn . to.,an animal that is clinjically

G coasta or 11 bulTRspieapat Ineplioa sRRenS B IBRIG-RESed HBSt o
performof an animal, particularly if the aninmal is healthy according to
use of cu@hdnsysiemnfadppipginchi assesspantcend/andiggnosisc of @ kcondition ef aani mal
cannot conmmuni cate information about its condition. Al though blood profile
tests are pedoananed ynimalxgrehiis capacity ®asarfdrm feeits best abiligy Idgarticular,ovi de
assessnment of a wide range of conditions, correlations between test results

and the invention relates to a method and system comprising a centrally located
database and data processor that respectively store and process information in
10 relation to nucleic acid expression and a condition of a performance animal.

The system is well suited for use with microarray and genechip technologies.

BACKGROUND OF THE INVENTION

A condition of a performance animal, for example a racehorse,

may typically be determined by conventional means such as a blood profile test

15 and clinical appraisal. However, these tests are of limited value because a

correlation between results of a blood profile test or clinical appraisal and a
condition or state of a performance animal is minimal.

A blood profile test may be suitable for providing some information

in relation to an animal fhat is clinically diseased or ill, but is rarely suitable for

20  determining fitness to perform of an animal, particularly if the animal is healthy

according to use of current clinical appraisal methods, and particularly if the

animal cannot communicate information about its condition. Although blood

profile tests are relatively inexpensive and easy to perform, they do not provide

assessment of a wide range of conditions, correlations between test results and



WO 02/ 090579 PCT/ AU02/ 00553 2 conditions of performance ani nals are poor,
are limted to assessnent of a few diseases, and are sonetinmes only usefu
i n assesswone/oafs7advanced stages of di sease where clini cRCTiAt0208BHt i on i S
too late to prevent significant |oss of performance. 5 Alternative

di agnosi s or assessnent procedures are often conplex, invasive,

i nconveni ent, expensive, time consum ng, may expose an animl to risk of
injury fromthe procedure, and often require transport of the aninmal to a
di agnostic centre. A final report of the results of a blood test to an end
user, eg.coaditimstofaartarmaste amimaiguanegzoarnaes leited to assesanientiaf e i es
each providing separate input to the report. For exanple, a veterinarian
may col | efiteasds, and arergonestinié=e onlyangsfel insasseassipat beddvwanceendtatjes af

| aboratory for analysis, personnel in the |aboratory performan analysis

usi ng mMacisarpsey wieré NQind0 afterdsrtion is 3o aaRE @8l preventt Sighfieaht ssabal ysi s,
with or without a veterinary pathologist 15 interpretation, are returned to

t he vet egj(:{}ﬁjrr' Cglno then interprets the results and provides a separate
report t e trarner. The process is laborious, tinme consum ng, subject

to erpor and interpgetatjon hias and may or may not contain _informtion
rel evént to the en lﬁ%{@?{'v%i alalQPB?'ﬁat(?rcsaWSWéngsBEP(iﬁdPFPSgeﬂ@i%ﬁ%sed
di agnosis of an 20 animal's health. Bioinformatics is a rapidly grow ng
di sci pl i ROMAPIEYK, BYABIVEeNCARNVENEHY: SXRENSHfe riifae iCOmsHBWMhoMaYexpose an
Bioinformatics is typically associated wwth genom c research projects, for
exanpl e tdmmah doraisk gefniajuey froopn dioe ‘protedure, and ofters rdquirgetranspart DNthe
nucl eoti de sequencing. Data in relation to nucl eotide sequences, and
annot at edariifaPto@idisghdsticcehgéj on thereto, led to huge
A final report of the results of a blood test to an end user, eg. a
10  ftrainer, often requires involvement of multiple parties each providing separate
input to the report. For example, a veterinarian may collect a blood sample, the
sample is transported or sent to a laboratory for analysis, personnel in the
laboratory perform an analysis using machinery on the blood sample,
automated results from the analysis, with or without a veterinary pathologist
15  interpretation, are returned to the veterinarian who then interprets the results
and provides a separate report to the trainer. The process is laborious, time
consuming, subject to error and interpretation bias and may or may not contain
information relevant to the end user.
Bioinformatics may be used with genetic based diagnosis of an
20 animal’'s health. Bioinformatics is a rapidly growing discipline that combines
biology and information technology. Bioinformatics is typically associated with
genomic research projects, for example the “human genome project” which

involves large-scale DNA nucleotide sequencing. Data in relation to nucleotide

sequences, and annotated information in relation thereto, led to huge



WO 02/ 090579 PCT/ AUO2/ 00553 3 databases of information. Bioinformatics,
has | ed to new dat abase designs, nethods for anal ysing nucl eotide and

am no aciwogequsnce i nformation, an ability to predict amCRA@e0ess3
sequences and nodelling nucleic acid and protein structures. 5

Bi oi nformati cs has been used to study differential gene expression in
tissues and cells, for exanple, differential expression between diseased
and normal tissue. Oten, Expressed Séhuence Tags (ie. ESTs) from cDNA
libraries are identified and sequenced for use as markers or tags for gene
expr essi clatabasesbahirdarmeatitn. ordioinformaties EBas led ta new|datalyadse désigdet er nmi ned
and expression information stored in a database for conparison wth known

expr essi oneﬂh@tiéeﬁbhsarfavysir@%qmuﬁdtid@namﬂ d@minos avid sequtide. iffvendtiansarf or
assessing a condition or health of an animal is perform ng a genetic

asSSess ”E@bilﬂg (’gﬁ ?{r‘é&lib@ aRfitd bR éﬁngaJéﬁ%eé'Qn@BﬂnodeﬁHﬁﬁg ftlei8 TEREARE ProteRy

|
determ ne a tiron of an aninal based on expréssion or 15 | ack of
expr essi U g;{ ggnes associated with a nornmal or abnormal phenotype.
Accurul ath o g genetic information has rapidly growm in |ight of new

devel gpnments for genetic analysis, for exanple use qf m.croayrays.
Pr ocegsi ng of suc%@ﬁqmﬂ&§sbéﬁmgﬁ%l@%an@ t?ﬂéalé irgéf?%feﬁ d 991€ a
systemnot only for generating new genetic information, but also for
processi rexpressiemtn tissues @nd oellss doulexpamde, ndiffetantiahexpeesgiam batweenn
efficient manner which is easily accessible to end users. Bioinformatics
has been diseabedoand nomaal tigsnet | @ftemfExpresseahSthatncentiggs ésUESTshfromagnosi s
of an animal's state of health. As described in US Patent No. 6,287, 254,
phenot ypicHNRdiEERSS YRk Gderfiffed BMd PR RiePted foP tde as markers or tags for

gene expression. An abundance of one or more ESTs in a cell may be

10 determined and expression information stored in a database for comparison

with known expression patterns for a condition of a tissue or cell.

One means for assessing a condition or health of an animal is
performing a genetic assessment or genetic profile of the animal. Such an
assessment may determine a condition of an animal based on expression or

15 lack of expression of genes associated with a normal or abnormal phenotype.
Accumulation of genetic information has rapidly grown in light of new
developments for genetic analysis, for example use of microarrays. Processing
of such data has become complex and there is a need for a system not only for
generating new genetic information, but also for processing the data so that

20 useful information may be gained in an efficient manner which is easily
accessible to end users.

Bioinformatics has been used to process genetic information that

may result in diagnosis of an animal’s state of health. As described in US

Patent No. 6,287,254, phenotypic and genotypic data may be stored in a



WO 02/ 090579 PCT/ AU02/ 00553 4 central database processing resource that is
accessible to selected users. The genotypic data relates to DNA

fi nger priwoiong90sgeneti ¢ mappi ng, genetic background and @Emelioe/06%8 eeni ng
dat abases. Such genetic information is Jlimted to congenital and heritable
traits, thus changes in gene expression in 5 response to factors such as
diet and environnent are not accounted for, nor are <changes in the early
stages of di sease, nor are cases wher@‘gene penetrance is not conplete.

Al so, genotypic data is conpared with a limted panel of genetic markers

f or specicentrahdatababe @rocedsing tasauranthadis acceaside jo selegied users. Wieangi ng
condition of an animal in response to environnental, eg. non-genetic, 10

factors. génbeaid hdatofrelagesaio BBNdetfiigermétingy geatiist medblng, cgenetiat i ng
phenotypic data with genotypic data. A report is generated that nay be

usef ul ‘MabRg%n@”bHB' M&@b%eﬂf@ﬂﬁfﬁﬁd&bssebﬁ%'Qéhétﬂﬂndf&‘ﬁi'éﬂ&d gation of

sui tabl e I ng pal rs. US Patent 114 desCri bes a nethod for

comar gk kAR URRLARHR! | BRCCHLERAIIR B Beturspdieglt iy and

di seased rou’g put “'se Spécitic anal'ysis of

i ndi vj dual hei r correspondl ng CDNAs. Th| row d a _net hod and
syst ofh f P mﬁoffwf?gs Siigh 96 Ul AR AR 256 ot ARGOHRIES TR NPRtE

bi ol ogi cal sanple. A diagnostic test can be perforned on an ill patient in
whom a dich@nges 4n iz eady steges ahdisease MTcaretasest Weagpne peseitantect ed,
gene transcripts isolated and expanded to an extent necessary for gene

i denti fi é¢atrichtncamnpletet eAlsonaenotypid daltee is elomtpared wthinaldintitedopaneldol/i dual
gene transcripts. Optionally, the gene transcripts are converted to cDNA
and t hen dehetie ehafkers f@rbﬁﬂéaﬂéqhe@'ﬁétﬂé MHdidthaft diﬁﬁB{ Aebbssdriigelfd®o a

transcripts are subjected to sequence-specific analysis and quantified.

changing condition of an animal in response to environmental, eg. non-genetic,

10 factors. A health profile may be determined by statistically correlating

phenotypic data with genotypic data. A report is generated that may be useful

with an animal breeding program for selection and identification of suitable
mating pairs.

US Patent No. 6,114,114 describes a method for comparing

15 relative abundance of gene transcripts between healthy and diseased human

tissue using high-throughput sequence-specific analysis of individual RNAs or

their corresponding cDNAs. This provides a method and system for quantifying

relative abundance of gene transcripts in a biological sample. A diagnostic test

can be performed on an ill patient in whom a diagnosis has not been made.

20 The patient's sample is collected, gene transcripts isolated and expanded to an

extent necessary for gene identification and determination of the relative

abundance of individual gene transcripts. Optionally, the gene t‘ranscripts are

converted to cDNA and then the relative abundance determined. A sample of

the gene transcripts are subjected to sequence-specific analysis and quantified.



WO 02/ 090579 PCT/ AU02/ 00553 5 These gene transcript sequences are conpared
against a reference database of the rel ative abundance of specific genes
and t hei rwDN&osequences i n di seased and heal t hy pati ent sPCThaopaeisent nay
be di agnosed as having a disease(s) with which the patient's data set npst
closely correlates. 5 Because di seases are nostly species specific, due to
variations in gene sequence between species, and due to variations between
species in the relative abundance of Hifferent RNAs in tissues, the nethod
described in US Patent No. 6,114,114 relates to gene expression in disease
in the human. This TheSepagiemet trhnscripbesequimeesf iatat compafed nagaingluas genes
that are differentially 10 expressed in abnormal and nornmal tissues. The

patent doeferonte patabade ¢f theatlngefayurdieihestof igpeelficdjergsoshd thelr DN ti on
in a performance aninmal, or differentiating apparently normal aninals,

based on saqpdht&s th Alscd888 anlé?%raﬁﬁy"' iﬁ)‘é{f}@ﬁf& drid BEAEHGRaY BedRAGnSREY £$S1 ON.

Simlarly, ITnternational applicatio 01/ 25473 describes a~ 15 nethod to

assess e Rnd! Gka o0 9 BhRA e BLRTR! 40 LAGhideaiolE alfasey!:

determn irve préssion on a p genes usi ng
rever e-g?anscri Bt ase go[@yrrera e chai.n react]j.on, re{?ri evi {j&?rel ati ve RNA
expr eSsi GIEGRLSS FISSRRES r ¥Pol"ISHY| SREEIER BREAIasEYant? YaHRUINSHdNt 3 e data
w th datasets and to a baseline. A user is provided with access to the
renot e 20Gegdeapasketuegn apeciast ol duertodvarriiansn betveemmpeeieseth the t he

| ocation of the wuser. In this nmanner, each user has access to the database

and is thektiby ablegisnce doft diffdmmd | RIdAs dndissuesecthe hiethed plessishanh iddi& at t he
user's location. Processing of the data may require bioinformatics skills

ggdaggﬂ)ﬁeﬁgn?gbﬁgﬁﬁé ﬁ“ﬁblé@%ttw@feﬂetékpww&ﬁ in dRbas@iParRspimeant adis my not

US patent describes identification of individual genes that are differentially

10 expressed in abnormal and normal tissues. The patent does not provide a

method for detecting or diagnosing a condition in a performance animal, or

differentiating apparently normal animals, based on a pattern of gene
expression or differences in gene expression.

Similarly, International application WO 01/25473 describes a

15  method to assess the condition of a subject. This method includes the steps of:

determining relative levels of RNA expression on a panel of genes using

reverse-transcriptase polymerase chain reaction, retrieving relative RNA

expression data from a remotely located database and comparing to the data

with datasets and to a baseline. A user is provided with access to the remote

20 database and information stored therein is transferred to the location of the

user. In this manner, each user has access to the database and is thereby

required to download and process the expression data at the user’s location.

Processing of the data may require bioinformatics skills and computer hardware

and software to support data processing that may not be available o the user.



WO 02/ 090579 PCT/ AU02/ 00553 6 Downl oadi ng | arge database files requires

w de bandwidth and is tine consum ng, thus the described nethod may not be
desi r abl ewbor/opsmy users. The method is reliant on publi ®Crmawkedds of DNA
sequences, public functional information on the selected genes for a
panel, sone prior know edge of a 5 di sease or suspected disease so that a
panel of appropriate genes is selected, and downl oadi ng of appropriate data
to a user's location. The nethod desdibed does not use apparatus such as
m croarrays to determ ne absolute Ilevels of RNAin a sanple so that

sanpl es nleadingor daegee dlaipbarsutfiles erasuirgs padel baedwidth gamesist fiige have no
a priori correlation to previously described 10 di sease or conditions. It
does not cappaating,hthiust thesdeseribed mathddemagertbttioe dassalsle fohenarondsérson of a
performance animal w thout prior know edge of species specific gene

sequencesphddfidndd RCidlight ofipBBAS RnBWREBRSETDNATdRfuenbed Vb aMNe Suitiopal
suspected condition of an animal, and baseline sanple data. A nethod for a

o A BB ooyl el B B
0 2006wk 5 BobbBe PSR B S Rl MR Y seRS |0

whi ch require detail ed physical exam nation and/or |aboratory testing to
provi de @&nd spvgdeadingr oftanpsopriatee gataidecni geeion lecatigmmpt dhe BwiRed be 20
obt ai ned. For exanple, this nmethod is not suitable for diagnosing a

condi t i ordeschibedidoeasonolr esalBppamtupisysh sl njcrdatrags &bldetermine mrsaiutabl e. 1 n
particular, this nethod would not be useful in diagnosing a condition in

an ot her iewdls RERNAYIN 2EHRPIE 6@ thatarplesmay Beacdriiamel witibutiudeadf a
according to clinical appraisal and current diagnostic nethods, or in an

I ndi vi dugjdGAHl b brls’ {rif 814Veehb"d priori correlation to previously described

10 disease or conditions. It does not appear that this method can be used to
assess the condition of a performance animal without prior knowledge of
species specific gene sequences, gene function, disease processes, prior
knowledge of or suspected condition of an animal, and baseline sample data.

A method for a medical diagnostic advice system accessible via a

15  computer network is described in US Patent No. 6,206,829. This method
provides medical diagnosis of a condition based in part on a patient’s history
and patient provided description of symptoms. This method is not useful for
conditions which require detailed physical examination and/or laboratory testing
to provide a diagnosis, or where patient description of symptoms cannot be

20 obtained. For example, this method is not suitable for diagnosing a condition
that is not readily or physically detectable or communicable. In particular, this
method would not be useful in diagnosing a condition in an otherwise healthy
appearing individual, in a normal individual according to clinical appraisal and

current diagnostic methods, or in an individual requiring differentiating



WO 02/ 090579 PCT/ AUO2/ 00553 7 information in relation to its |evel of
performance, or in aninmals not capable of comunicating information on a
cl i ni cal WOIROPOF79 or in di seased states that do not prodrCe/AAPPLBHS
(carriers), or disease states that require specific |aboratory tests for
confirmation. This nmethod al so does not describe use of 5 nolecul ar

bi ol ogi cal nethods, for exanple asses?ent of gene expression, in

di agnosi s. The background art describ nmet hods for diagnosi ng di sease, or
predi sposition to disease using standard bl ood tests, which are limted to
testing iaforreation draelatonnd ilsdgvelagieperdarmanes, o i tagmraala giexsipabls ©f, and

| ow correlation 10 to a condition. These blood tests usually include a
conpl et e doneradnicating .infermetidk emeatdliaicat distbrypforvihi diseddenostated tHeatadal
measur enent of serumelectrolytes. Mre sensitive and specific blood tests

are avai Il Erd&%%@d s9RptdiAs deipférsyn opf dlséaéé be@it&s tRht alf@hwé‘%péd" fl@t her
met abol ites but have the limtation that they are not generally used

unt ess ¢ hevadfpiteks, o Ainfihblod | A ARGE 466 dopd AlaaRARbNNe ofS such

a test shou of ned nvasi ve procedures are avai for nore
accurgte asses nt a br e of disea however, such nethods
nave BrndnaReuR BidogicgheRyrods 3%sg@nﬁFeaﬁaS%%%e@ﬁfsgﬁﬂ%axrzrﬁaﬁloaxmrm e
X-rays, scintigraphy, ultrasound, surgery and biopsy). 20 Genetic nethods
for di agr?b%@ﬁ@l%i sease are often linited to specific genes that have
al ready been identified which correlate with particular diseases. Genetic
di agnosti ¢ net hods Theybadlgpolred brtrdasedbées nrthads fapgibgreding diseasause of
dependence of such nmethods on information provided by the patient,
i nf or mat irpadiRYasitioR i diseaselainPstahBart bIDeEitésts, Whraasme linffedStoaestiny
a few diseases and may have low sensitivity and specificity, and low correlation
10 to a condition. These blood tests usually include a complete blood count, a
differential count of white blood cells and measurement of serum electrolytes.
More sensitive and specific blood tests are available based on the detection of
antibodies or antigens or other metabolites but have the limitation that they are
not generally used unless the animal is clinically ill or there are indications that
15  such a test should be performed.
Invasive procedures are available for more accurate assessment
for a broader range of diseases, however, such methods have inherent risks,
and/or are costly and time consuming (for example, X-rays, scintigraphy,
ultrasound, surgery and biopsy).
20 Genetic methods for diagnosing disease are often limited to
specific genes that have already been identified which correlate with particular
diseases. Genetic diagnostic methods may also be limited to human

application because of dependence of such methods on information provided

by the patient, information available in relation to a specific disease, or stage of



WO 02/ 090579 PCT/ AU02/ 00553 8 di sease, species and/or specific DNA
sequence information, or datasets specific to a species. The
abovenentwonedIisackgr ound art does not descri be a system PCOrAtagsessi ng or
testing for a condition, level of performance, fitness to perform 5
response to or detection of drugs, response to vaccination, sub-classifying
known di sease, identification of new pathol ogi cal descriptions of diseases
or stages of diseases in a perfornané% ani mal . SUMMARY OF THE | NVENTI ON
The background art descri bes known nethods for assessing 10 expression of
known geriiseasEhespedies aanded spucific dINPusequecednidrmation) orsdpfasets syst em
capabl e of collecting and processing newy identified and known gene

expr essi aypeeiiid told spexdds.dat a, storing this data in a database,
automatically or sem -automatically mning the data for assessnment of a

condi tion (incl udi nodhawsicHhbMidTRIOAKGROhA BHEIRASRE: ABSABES) sys@Rs ol | i ng

the 15 data stored wthin the database,” and provi di ng aut omat ed” and usef ul
interpre i j k: i.ent i fi t I sers.
mhe ot nddl aFepesiir BrESHAg 8% <BahiBE eTBEE BeferbtEe BirsRsdF B e hoas
for determ nirer% nucl ei,c, aci d efxEr ession, a cgrmuni catj ons network .for

transhi t PARORER 40 1l 4PIGCHOR T JEYGS: eSRPASE I8 r KRCGINA IOy rSUR-HIass BiNinc e
animal, 20 together with relevant clinical information and bi ochem cal and
haemat ol dgiovdl disg¢ase, ideptificatioroé ngnvagatiniogicaledeagripipgs £fsiiseagasdotat abase
and central processor. The data is centrally processed by the diagnostic
server atstages of diseasedatapedernaantecampmled t o dat abase contents, and a
report of an animal's condition is generated at the central site and

provided to the user at a SUMMARY OF THE INVENTION

The background art describes known methods for assessing

10 expression of known genes. There is a need for a computer-based clinical

support system capable of collecting and processing newly identified and

known gene expression and clinical data, storing this data in a database,

automatically or semi-automatically mining the data for assessment of a

condition (including heuristic methods and rule-based methods), controlling the

15 data stored within the database, and providing automated and useful
interpretative information and patient specific reports to remote users.

The method and sys{em of the invention uses molecular biological
methods for determining nucleic acid expression, a communications network for
transmitting data relating to nucleic acid expression for a performance animal,

20 together with relevant clinical information and biochemical and haematological
data, to a remote diagnostic server and associated database and central
processor. The data is centrally processed by the diagnostic server at the
remote database and compared to database contents, and a report of an

animal’s condition is generated at the central site and provided to the user at a



WD 02/ 090579 PCT/ AUO2/ 00553 9 renote |ocation, for exanple a clinic. The
data input into the database may also include an analysis by an expert

bi ol ogi stwogensitsici st, pat hol ogi st, veterinarian, bioinf@cwattochets3or the
| i ke. Accordingly, data sent by a user is processed using data stored in
the central database, wherein the data has been 5 anal ysed by experts

and/ or by a conputer using rul e-based jnstructions to thereby inprove the
accuracy and useful ness of the report.Y The nethod and systemtherefore
provides a nore informative report than nay be obtained by the user

per f or m rigmmte doeation, Sobgxample v dinies sihegdata inpyit énteathebdalebase nagyr essi on
information. Further, the systemof the invention provides a neans 10 for
control | iakgp ainckle tan vanalpdis e bpr apr iexperty bislbgisgt geadtisist, hpathohsgistat abase
(ie. a user does not have direct access to the information of the

dat abase)yetd/@fatiar BiGWsHatichst o e, SRELPANYI9S SatP ¥BhE Yy SATREE idlat a
conpared to sending of l|large database files and processing’is centrally

| ocat ed adggc%%%lold”\%?ﬁg gagaf Hgféc? h tqell%nﬂé‘?dgfa%%%at thYe?ﬁtrtrtg?ﬂaﬁrﬁé@ g8, one of

nmore of the n inica correlatrve, mn y i nvasive,

sensi Live and specific,, conveni ent accyrate, rapid and re] ativel

" expins TEISHRE Bih Preriss SOHGGY b colimtns uSing Biedaten PSracidhe i on,
and ability of an animal to performto its best ability. The invention is
par ti cul dhesebysisIuipve ihe wecHaysanthesefulirrgseof thentepsvier theairsetod and or t he
animal is clinically healthy according to current nethods, and the

pr ocedur esysters ithptefoneeprovidesda tmomgainformativeeneporifthamahayp eattntainedhley
capacity of a performance animal to performto its best ability. Such a

di agnost itﬁerr@éiogerfémmngeam%@lysﬁs 69tl$1éf’élvea(fc@é§ih%;té( reindle sdtabaddiogal
di sease, its possible effect on performnce, whether training should

persist, doyelsiol ifibikafsi OFLANEH te 'SYstem of the invention provides a means

10  for controlling access to valuable proprietary data stored within the database
(ie. a user does not have direct access to the information of the database), less
bandwidth is required sending less complex sample data compared to sending
of large database files and processing is centrally located and thus more
efficient.

15 The present invention provides one or more of the following: a
clinically correlative, minimally invasive, sensitive and specific, convenient,
accurate, rapid and relatively inexpensive system for providing assessment
information for a condition, and ability of an animal to perform to its best ability.
The invention is particularly useful in instances where there is no overt disease,

20 or the animal is clinically healthy according to current methods, and the
procedure is simply performed to gain further information about the capacity of
a performance animal to perfbrm to its best ability. Such a diagnostic method
may be used to determine severity of a sub-clinical disease, its possible effect

on performance, whether training should persist, level of risk associated with



WO 02/ 090579 PCT/ AU02/ 00553 10 continued training and whet her continued
training may adversely affect future perfornmance. Factors including subtle
changes iwOdR#@2057¢rai ni ng regi ne, stable, or season nmay &Ciradat2pesss or mance
of an animal. It would be appreciated that in performance animals, being
ei ther human, horse, canel or dog, gene 5 expression profiles or signatures
relating to a particular condition in gne species would be able to be used
in other species, all being mammal s ané subject to simlar conditions of
performance. The method is therefore not reliant on known gene function in
any part icantiavegdraisingeaine whstiher cenjintiedstrainimgomayaaguearsely radfach fietate on
provides a nethod for assessing a 10 condition of a performance ani mal

i ncl udi ngpdrfenseineps Rdctofsaihcliglirgy subdeghandds i diaflirsniagtrayints dtaple a
performance ani mal an abundance of an expressed target nucleic acid

nor mal i segt deisBh rheRaffecOPSfERificRMIaMASiheIIC 1o U M@Eia?éd’ﬂwatt*ﬂ?

nor mal i sed abundance of the target nuc?lel c acid as a %I gital sanple

or mal of ‘the "'target ‘nuclel ¢ : Tgrtal sa

Sampte singiaioBa bl PashB RURBETHAER, SRecIREE e obhdbd oci at e
d datab pri si igital inf tion.i | ation .t

BbunanoEXHTERIg PATER O NBENoREr a0 A RREC ARG NP FRAe ar

condition of the [égrformance ani mal ; 20 (c? processi ng the di gi tal sanple

si gnal atweuyld heabteetoybe disedei othar sbaeiest all beingemanemalseard gubigict & gnal of

step (a) with the digital information of step (b) thereby identifying a
par ti cul ssimilandohdifionsf oft iperfoeménceranthe amietiadd is dnereWde0A610 9€IAR on

PCT/ AUO2/ 00553
known gene function in any particular performance animal species.

In one aspect the invention provides a method for assessing a

10  condition of a performance animal including the steps of:

() determining in a sample obtained from a performance
animal an abundance of an expressed target nucleic acid normalised to at least
one reference nucleic acid and providing the normalised abundance of the
target nucleic acid as a digital sample signal;

15 (b)  transmitting via a communications network the digita
sample signhal of (a) to a remotely located diagnostic server and associated
processor and database comprising digital information in relation to an
abundance of the target nucleic acid which corresponds to a particular condition
of the performance animal;

20 (c) processing the digital sample signal at the remotely located
database to correlate the digital signal of step (a) with the digital information of
step (b) thereby identifying a particular condition of the performance animal;

and



11 (d) returning a report of the particular condition of the performance
animal . Preferably, the sanple conprises at |east one i mune cell type.
Mor e pr efwpabiogos7¢ he at | east one inmune cell type is a wrCTaAUZ0EHS®0d
cell. The nornmalised abundance of the target nucleic acid nay be either a
rel ati ve abundance or an absol ute abundance. Preferably, the normalised
abundance of the target nucleic acid i an absol ute abundance. 10
Preferably, the nethod further includéi the step of determining in a
sanpl e obtained fromthe sane performance animal in step (a), currently
avai | abl e routine Kfibcheriwhingaral fepest ifodhe apapigulareconditionl @bdths of il e
test) and recording all available relevant clinical information in a

st andar d gesfommtanc®tanémal. ef erably, the clinical information is transmtted
via a 15 conmuni cations network to the sanme renotely | ocated diagnostic

server and associ g @fbrabRS ARSOAMBRAHAD YRR 185stBriRPintBline Béﬂﬁe@?'hg, the

communi cations network is'selected fromthe group consisting of:

Internet, an intra n i e ﬂjﬂm r L cat 1 nk (eg.

| SDN). 20 In one fgh?%eoﬁp?fﬁééqlﬂvﬁﬁ ﬁ%é%th(zﬁesg@p oeoggpgsﬁ‘léﬁ?nﬁq%wé;bsol ute
abundance  of thlg target nucleic acid includes the steps of: (i) detecting a
first*hy P <& conplex forned by at |east one target nucleic acid and a

perfect-conpl enentary probe nucleic acid |ocated on a solid support,
t her eby providi ng alhg giormeliseg fabsindepeg el tegirioet wackeis gwirh ray be
PCT/ AU02/ 00553

either a relative abundance or an absolute abundance.

Preferably, the normalised abundance of the target nucleic acid is
an absolute abundance.

10 Preferably, the method further includes the step of determining in
a sample obtained from the same performance animal in step (a), currently
available routine biochemical and hematological parameters (blood profile test)
and recording all available relevant clinical information in a standard format.

More preferably, the clinical information is transmitted via a

15 communications network to the same remotely located diagnostic server and
associated processor and database of step (b).

Preferably, the communications network is selected from the
group consisting of: the Internet, an intranet, an extranet, wireless means or
dedicated link (eg. ISDN).

20 In one form of the invention, the step of determining an absolute
abundance of the target nucleic acid includes the steps of:

(i) detecting a first hybridised complex formed by at least one

target nucleic acid and a perfect-complementary probe nucleic acid located on

a solid support, thereby providing a digital perfect target signal;



12 (ii) detecting a second hybridised conplex forned by at |east one
target nucleic acid having a sane nucl eoti de sequence as the target

nucl ei c awod209053¢ ep (i) and a m smat ch-conpl enentary prolP€TAIORBITS3 aci d
conprising a m snmatched nucleotide in a central |ocation of the msmatch 5
conpl ementary probe nucl eic acid when conpared with a correspondi ng
perfect-conpl enentary probe, wherein the m smatch-conpl enentary probe
nucleic acid is located on a solid suﬂ%ort and hybridi sation thereto
provides a digital msmtch or background target signal; and (iii)
conparing the digit(l) petdtecting arspeondilyiidisedd eeropleki formed bylet teast di gi t al
m smatch target signal of step (ii) to provide a digital signal of

absol ut e oreurglgat euedeit hacidi aigatg U Gaeie melabtider séquaridey ast e tagpeecti ve
hybri di sed conplex of step (i) and step (ii) are detected by respectively

| abel |'i ngyjchac tRI@ESS 5t i GrRCadfisiVafch-eiRpRA Iy bRSHd FRBRA iaekd
| abel l ed target nucleic acid are 15 labelled with biotin, Cy3 or Cy5.

Pref e bl bid B RHIRAG L BEeBgE S5 Il S Bl feCingiofne ol i d

support is l'y~an artay. e array is a mcroarray
or simlar device, In another form.qf the invention, the step of .

det er i nicogRISTERIATY vBobE) Nsti-AdE Bhepneomeaied WilkI & EOEETRPNARG udes
the steps of: (A) detecting a hybridised complex formed by at |east one
sanpl e t Hejiect-nagipieroeaiany prokea whsreiretbat AlisMpickheomplemsaniarycipiobe

i mmobi lised on a solid support to provide a digital sanple target signal;
WO 02/ 09Ghicki®PETIdAIORYcatEsba8n al8olid support and hybridisation thereto provides a

digital mismatch or background target signal; and
(i)  comparing the digital perfect target signal of step (i) and
10  the digital mismatch target signal of step (ii) to provide a digital signal of
absolute abundance of the target nucleic acid.
Preferably, the respective hybridised complex of step (i) and step
(ii) are detected by respectively labelling the target nucleic acids.
More preferably, the respective labelled target nucleic acid are
15 labelled with biotin, Cy3 or Cy5.
Preferably, the respective labelled target nucleic acid is cRNA.
The solid support is preferably an array.
More preferably, the array is a microarray or similar device.
In another form of the invention, the step of determining a relative
20 abundance of the target nucleic acid includes the steps of:
(A) detecting a hybridised complex formed by at least one
sample target nucleic acid and a complementary probe nucleic acid

immobilised on a solid support to provide a digital sample target signal;



(B) detecting a hybridised conplex forned by at |east one reference target
nucl ei ¢ acid conprising a nucleotide sequence different than the target
nucl ei c awoDd209053¢ ep (A), and a conpl enentary probe nucl elPCTadI0/00553

i mmobi lised on a solid support to provide a digital reference target
signal; and 5 (C) conparing the digital sanple target signal of step (A
and the digital reference target sigggl of step (B) to provide a digital
signal of relative abundance of the npl e target. The reference nucleic
acid may include any suitable nucleic acid characterised by a relatively
constant |evel of d\ébr egigteelingl@ Tybridisedr egoroplexutaraies &y atymstb@n%el ected
fromthe group consisting of: GAPDH, actin, and ribosomal 18S. The

respect i veferengs ¢amget augleiciaciel comprisingod neickptitd) seauenst efiffereB} tnay
conprise a perfectly conplenentary or honol ogous nucl eoti de sequence. 15

Prefer ablie (AR ATRGELAciE dPAED AAIetng RLAYAEMIBhiaHY ARobEnflc fiep (B)

are detected by respectively |a ing the target and the sanple target

nucl ei ¢ %Hﬁ’o@}g%cf grﬁl gr{‘o[l}gesruﬁfvﬂ% g%\%giacdigﬁéldref%@ﬁ@e Pérgéf:%@rtg lyan{ige

respective tar erence nucl el aclds are ive
e b= L 57, oS ol BE RGeS, b o °
performance of an animal may relate to its athletic ability and any
condi t i orthe gigitahssfersnagntaegetisigna of stapiddo provide adigitjesignal obxglatived
ability. WD 02/090579 PCT/ AU02/ 00553 14

abundance of the sample target.

The reference nucleic acid may include any suitable nucleic acid

characterised by a relatively constant level of expression.

10 The reference nucleic acid may be selected from the group
consisting of: GAPDH, actin, and ribosomal 18S.

The respective complementary nucleic acids of step (A) and step
(B) may comprise a perfectly complementary or homologous nucleotide
sequence.

15 Preferably, the respective hybridised complexes of step (A) and
step (B) are detected by respectively labelling the target and the sample target
nucleic acid and reference target nucleic acid.

More preferably, the respective target and the reference nucleic
acids are respectively labelled with Cy3, Cy5 or biotin.

20 The performance animal is preferably a mammal.

More preferably, the mammal is human, horse, dog or camel.
The performance of an animal may relate to its athletic ability and

any condition that may enhance, hinder, impede or not change its expected

ability.



The condition of the performance animal may conprise nornmal, apparently
normal, pre-clinical disease, overt disease, progress and/or stage of

di sease, wodeagsesed or uncl assified conditions, presencePofi/Angess3
response to exercise, response to vaccines, therapies, nutritional states
and response to 5 environnental conditions. The di sease nmay conprise

i nfl ammati on or involvenent of the inmmune system to include conditions
affecting respiratory, nuscul oskel et alf4 urinary, gastrointestinal and
adnexa, cardiovascul ar, reticul oendothelial, nervous, special senses,
reproductive, and itegonditibnsgfsthenperf@manceOarixzatphay damprise homsal,
include, lamnitis, [ameness, viral or bacterial disease, colic,

gastri ti sappgaéntly ﬁomh@lepﬁe clirisal diséa¥e/ ovetrisdsse, wogrb@élamd/drrsmgel oes,
nmuscul oskel etal damage or disorders and j oint di sease. Anot her aspect of

the invenjisQisd ‘%Jn%ﬁé‘gﬁw&s%da%ﬂhﬁ&aﬁéfl%& g@?ﬁ%&l‘éﬁé nﬁor%’éi%fnbé' erué§ r%%}u?ﬁ:Eb array

conpri st ng one or € prope nuc | Se ace,

bybr .ehf‘séﬁe@{e?%é’écﬁesﬁé@?é Xﬁ?ﬁsﬁﬁeicﬁs s, R ﬁa@%@fﬁeﬁﬁﬁ%ﬁ#ié‘f s

hybrlglsed conpl exes fo respectively by the target nucleic acid and
t he pPobfMIeN e@%!(ﬁQﬁ‘ t!m@reby the 20 array reader generates a digital
signal of the respective detected hybridised conplexes; (I11) a renmotely
| ocat ed dat abase stbhé rliséasieomay compriae riflammaiiont er anohcemert of thae
target nucleic acid and clinical and blood profile data corresponding to
par ti cul dmnewmalisystens; ¢ indudorcomditionanafiiedting WS patH90 MiEsdadskaldial, 00553

e urinary, gastrointestinal and adnexa, cardiovascular, reticuloendothelial,
nervous, special senses, reproductive, and integument systems. Such

10 examples in the horse include, laminitis, lameness, viral or bacterial disease,
colic, gastritis, gastric ulcers, respiratory ailments, epistaxis, fractures,
musculoskeletal damage or disorders and joint disease.

Another aspect of the invention relates to a diagnostic system
comprising:

15 ) an array comprising one or more probe nucleic acids
immobilised to a surface, wherein the respective probe nucleic acids comprise
nucleotide sequences hybridisable to a target nucleic acid;

(1)  an array reader that detects hybridised complexes formed
respectively by the target nucleic aéid and the probe nucleic acid, whereby the

20 array reader generates a digital signal of the respective detected hybridised
complexes; |

()  a remotely located database storing information in relation

to abundance of the target nucleic acid and clinical and blood profile data

corresponding to particular conditions of performance animals;



(I'V) a diagnostic server that receives the digital signal fromstep (1)
and correlates the digital signal wwth information in the database to
identify wearddgarticul ar condition and reports said partiPColAd02/0633sli ti on
and (V) a nmeans for communicating between the array reader and 5 the

di agnostic server. The probe nucleic acid may be a perfect-conpl enentary
nucl eic acid conprising a nucl eotide sequence perfectly conplenentary to
the target nucleic acid, a nisnatch-&énplenentary nucl eic acid conpri sing
a msmatched nucleotide in a central |ocation of the nucleic acid when
conpared with a 10 (Bér r esgiegapsiic peveethat cecqivemihe digialsignalifionastep or a
reference nucleic acid conprising a nucleotide sequence that is different
t han t he (l)aargetomneldtes theadigital sigiiahwithi idfcraigtientin the alatpbasety ”ientifief er ence
target nucleic acid. The array and array reader are renotely |ocated from

the centrgid Pé#%b@fé@%%néﬁi@n@ﬁd iRPoftyishrbhartitQeRteAditiBnaahd@bor at ory,
veterinary clinic of other 15 Ssimlar facility. The diagnostic system may

further conprise a g®gan i e.pr nt. i on has
acvant ages over curvant riiteadt} BpmmiyeA R bbweERE ! AR toddbt Hid,
| am n'tizhéinfla tion of the soft tissues in the 20 hoof) in a

r acehdr s&N® AIRIARSYC iSFSinces |aminitis is sub-clinical, that is, the horse

does not present clinically as |ane. However, an owner or trainer my be
concerned that the H& BEohlssnugleicpasiel gnay g @ Partest-serplesnentasy aprkeicy. 1n
this instance, a blood test and/or X-ray may traditionally be performned.
However , acglilooimprisirfgd ammedéatideosequenceopérfedtlyl corapldmerdbieta thebtardet ect ed
by X-ray and will WD 02/090579 PCT/ AU02/ 00553 16
nucleic acid, a mismatch-complementary nucleic acid comprising a mismatched
nucleotide in a central location of the nucleic acid when compared with a
10  corresponding perfect-complementary nucleic acid or a reference nucleic acid
comprising a nucleotide sequence that is different than the target nucleic acid
and hybridisable to a complementary reference target nucleic acid.
The array and array reader are remotely located from the central
database and may be suitably located in a laboratory, veterinary clinic of other
15 similar facility.
The diagnostic system may further comprise a means to display
the report.
The present invention has advantages over current methods for
diagnosing disease, for example laminitis (inflammation of the soft tissues in the
20 hoof) in a racehorse. In many instances laminitis is sub-clinical, that is, the
horse does not present clinically as lame. However, an owner or trainer may be
concerned that the horse is not performing to the best of its ability. In this

instance, a blood test and/or X-ray may traditionally be performed. However,

subtle inflammation of the hoof will not be able to be detected by X-ray and will



not be reflected in any abnormal values in current blood tests.

Consi derabl e expense through current test costs and |lost training tine,
and i ncorwenense through transport of animals to di agno®Cirawenesses coul d
be encountered with the risk of gaining little informati on on the exact
condition or state of the animal, 5 and whether and when it can performto
the best of its ability. Hence, the hgrse may have normal results from
current tests, but actually have |am Ptis. Such a horse may not be
performng to its best ability and the owner and trainer would remain

obl i vi ouot e reflestetin iaoy . abmoiab valugstin aureerdfbloee testes coonsideradie on, it
may be possible to diagnose a horse having lamnitis where ot her nethods
fail. 10 ehpehbertheuampterreft st icosenane dostf trainingetiineblamadintesveniéscevi dent
by nethods for testing an athlete for use of illegal or prohibited

per f or MaRKRUGANRARSHA of RiRbdSto Gabhestic BLRPES (BEIS bei drReuhicreag e a
| evel of a steroidin serumusing equipnment such as high performnce

R T i S T

equi pnent ese are not capable 1

Lakenoat 2o wEes? SndiunchfSoh asorty Pribe Biest OFRS ablie, Aareredhe FRRRS pr esent

i nvention maé not directly detect a drug per se, but rather may detect an
ef fect ofmnay BRVg NeIrMmati eassitis Kine coranttests. hui@siually haviedamipties Sueh.a Such a
change in nucleic acid expression may indicate presence of an 20 otherw se
undet ect dtree draygnoihbapedbirhipigetodts Ipestfahilitpaod thsioveter dnd trainker beuld
appreciated that the present invention may have one or nore of the

f ol | owi ngepditRBbRESES € it8onditiodl atbweler, WIBXRENST ¥Ry prBSeHT Mvention, it
convenient, rapid mnimally invasive and sanple results are processed at a

8;?5;8'57gﬁ%ﬁ%g%%gggﬁbﬁgg@a%% 80 gRARRGES Wheré it HhethbS il esent. VO

10 Another example of deficiencies of current blood tests is evident
by methods for testing an athlete for use of illegal or prohibited performance-
enhancing steroids. Current blood tests directly measure a level of a steroid in
serum using eqﬁipment such as high performance liquid chromatographs, gas
chromatographs or similarly sensitive equipment. These tests are not capable
15  of detecting the steroid where the athlete is also using masking drugs, or where
the athlete has not taken steroids for a period prior to the test being performed.
The present invention may not directly detect a drug per se, but rather may
detect an effect of a drug via detectable changes in nucleic acid expression.
Such a change in nucleic acid expression may indicate presence of an

20 otherwise undetectable drug in an athlete or performance animal.
It will be appreciated that the present invention may have one or
more of the following advantages of being relatively inexpensive, accurate,

convenient, rapid minimally invasive and sample results are processed at a

central remotely accessible database and processor. Further, the present



invention is not dependent on isolating a known gene of known function to
determ ne a condition of an aninmal. The present invention may be used with
a nucl eiwoaeioghsed known nucl eoti de sequence and expressi @aTiAawehozgene
transcript relative abundance) in a reference sanple that is conparable
with a 5 nucleic acid expression'level in a test sanple. Al though a
preferred enbodinent of the inventi 03 i ncl udes use of an array for
determ ning an abundance of nucleic i d expressi on, other nethods for
determ ning nucleic acid expression are contenplated, including for

exanpl e, iN@Mtiger is bobdepandeyisos, isdlating| atanows, gamre FERNMGwdengirast &t i on,
SACGE, differential 10 expression and other nethods for ascertaining gene
expr essi aetdrndine ar eokditiom of an drik@ahr The Rire&EntDEGERIGATINGN KaFuFedEwWh@URES
FIG 1is a flowdiagramillustrating datafl ow steps as part of a conputer

system capaidi® 8éiddefi Nfswn Ohudlestide SBR@MRa! ighdS ¥xpiésdion levéll @er?e! S a
fl ow di agram show ng steps for diagnosing a condition of an animal in

q L > °. o F . . 1 .
aocor dangensbi KIS BN G referehed SHATEAL SO 2 ¢,
erbodpeolie { A RBHEeRo KBl T8 P Wbt PaRl g At RS PR for
determ ning a nucleic acid expression level in a biological sanple; and
FIG 6 i ¢nabedigengieigthaninveniion: laludpssiuspsof @n wiiaydiafgdateaminidasan in

accordance with an enbodi nent of the invention. WO 02/090579 PCT/ AU02/ 00553
18 abundance of nucleic acid expression, other methods for determining nucleic

acid expression are contemplated, including for example, Northern blot
analysis, dot blotting, RT-PCR, RNAse protection, SAGE, differential

10  expression and other methods for ascertaining gene expression that are known
'in the art.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a flow diagram illustrating dataflow steps as part of a
computer system capable of delivery of remote diaghostic services.
15 FIG. 2 is a flow diagram showing steps for diagnosing a condition
of an animal in accordance with the invention;
FIG. 3 is a diagram illustrating an environment for working the
invention as shown in FIG. 2;
FIG. 4 is a flow diagram illustrating steps for preparing an array in
20 accordance with an embodiment of the invention;
FIG. 5 is a flow diagram showing steps for determining a nucleic
acid expression level in a biological sample; and
FIG. 6 is a flow diagram illustrating steps for building a database

in accordance with an embodiment of the invention.



DESCRI PTI ON OF PREFERRED EMBODI MENTS Definitions Unl ess defined otherw se,
all technical and scientific terns used herein have the neaning as

comonl y wodewstseod by t hose of ordinary skill in 5 the acu/Aw2mbissh t he

i nvention belongs. Although any nethods and materials sim|ar or equivalent
to those described herein can be used in the practice or testing of the
present invention, preferred nethods and materials are described. For the
pur pose of the present invention, the1§ollomﬁng ternms are defined bel ow.
The term "bioinformatics" refers to a d|SC|-I|ne of using conmputers 10 to
collate and form daDESERIRIOMOE B RE D DB Ni8l Iy the termis
used to refer to databases of nucl eotide and am no acid sequences, and of
nmut at i onDefinitionsse and gene functions. The term "nucleic acid' as used
herein designates single or double stranded total RNA, nmRNA, RNA, cRNA and

DNA, sai d DNA i ncl ughugs qbfined &%@é\dalgwm.é‘anm sdiBRtificetdaugsad ¢ aci d
al so conprises nodifications, for exanple, chenical base substitutions and

(”‘éc'wéi R '?5‘8%3";% e B oS RR op a8 RERLABED IR ¢ o'
21 o Bo. dnpreit K bihich fae TVRBACRUBRGS o PARAYGE! G1e MEtNedaard BaaSe s

peptide-like unit as well as a unit of sugar groups |inked by
phosphodiséilar op eqaiyeient dptthesaiidepcdbeds hetfein @nvbe wisedharthgrisaplicesQth as

phosphor ot hi oat es or net hyl phosphonates. WO 02/ 090579 PCT/ AU0O2/ 00553 19
The ter mtésting af the presert iovactiall, prsfensednbthioeisrandethaeteriaioage desdribed.

For the purpose of the present invention, the following terms are defined below.

The term “bioinformatics” refers to a discipline of using computers

10  to collate and form datasets of interest to biologists. Usually the term is used to
refer to databases of nucleotide and amino acid sequences, and of mutations,
disease and gene functions.

The term “nucleic acid” as used herein designates single or
double stranded total RNA, mRNA, RNA, cRNA and DNA, said DNA inclusive

15 of cDNA and genomic DNA.

The term nucleic acid also comprises modifications, for example,
chemical base substitutions and nucleic acid comprising a polyamide backbone
such as peptide nucleic acids (PNAs) as described in International Patent WO
92/20702 and (Egholm, et al., 1993, Nature, 365, 560) herein incorporated by

20 reference. It will also be appreciated that the backbone of a nucleic acid may
comprise a peptide-like unit as well as a unit of sugar groups linked by
phosphodiester bridges, optionally substituted with other groups such as

phosphorothioates or methylphosphonates.



acid subjected to in vitro manipulation into a formnot normally found in
nature. Isolated nucleic acid includes both native and reconbi nant

(non- nat iwe)o2nusiei ¢ acids. 5 The term "target nucl ei ¢ a®Cu’AuRAIS3 a

nucl eic acid that has been |abelled. A target nucleic acid nmay be a single
or doubl e-stranded oligonucleotide or polynucleotide, suitably |abelled
for the purpose of detecting a conplenentary nucl eoti de sequence of a
probe nucleic acid that may, for exanple, be attached to a solid support,
for exanple a mcroarray. Useful 10 |abels include, 'for exanple, biotin,
Cy3 and Cy5. A sindihe tsrmaiisidafegrrilsécieggid’tas ysat hersin eefers iona oDRIRIG her eby
maki ng anti sense RNA or sense RNA. The target nucleic acid nay be | abelled
usi ng anyacigeaobjected todinngtrd onarkipalafibr intorafbronndi nernaally foand iadiataet | ve

| abel s. 1 n one enbodi nent of the invention, a |labelled target is a

| abel | ed |shibifed Aligelcabgl 'iﬁqu&é%l\'ﬁoﬂﬁn%miré&ﬁn%ﬁﬂ hond@ativies nekleinded

cDNA using a DNA dependent RNA pol ynerase. The ¢ may be synthesi sed

from rTRN%GA | ated froma sanple using nethods well known in the art for
maki ng c ‘ibraries. The | abelled cRNA thus corresponds to an anmount of

nMRNA, _or expressed nuc) ei ¢, aci in.a s | e. The term "prohe" used herein
refer? to a nucl eic {e&mt I“f%(geﬂQ§C£W%agﬁ'qaﬁﬁ@oPV?l§Q@C"gma zgggﬁtgﬁeé’\ a
probe may include a nucleic acid immobilised to a m crochip, nmenbrane,

vel |, di dabelledany At ket uldd®ire a6ie fag¥. ban @ osinglenud slouptesstrasded ess
than eighty (80) contiguous nucleotides, whereas a "polynucleotide" is a
nucl ei ¢ atigdnhdedtide eir giolynuckdtider suitably |atmelieddgootise purposet ofddstecting

ol i gonucl eoti de nay be used for exanple as WD 02/ 090579 PCT/ AU02/ 00553 20
a probe, Pebiplerdentdry afltrsbtide fequeiekr et 8 @ObaM@iéieYadit aRBNMAY, i | t

onto an

example, be attached to a solid support, for example a microarray. Useful
10 labels include, for example, biotin, Cy3 and Cy5. A single stranded probe may
be synthesised from cDNA thereby making antisense RNA or sense RNA. The
target nucleic acid may be labelled using any means including for example,
radioactive and non-radioactive labels. In one embodiment of the invention, a
labelled target is a labelled cRNA. The labelled cRNA is synthesized from
156  double stranded cDNA using a DNA dependent RNA polymerase. The cDNA
may be synthesised from mRNA isolated from a sample using methods well
known in the art for making cDNA libraries. The labelled cRNA thus

corresponds to an amount of mRNA, or expressed nucieic acid, in a sample.
The term “probe” used herein refers to a nucleic acid that has
20 been immobilised. For example, a probe may include a nucleic acid
immobilised to a microchip, membrane, well, dish or any other suitable surface.
An “oligonucleotide” has less than eighty (80) contiguous

nucleotides, whereas a “polynucleotide” is a nucleic acid having eighty (80) or

more contiguous nucleotides. An oligonucleotide may be used for example as



array. A "prinmer" is usually a single-stranded oligonucl eotide, preferably
havi ng 20-50 conti guous nucl eoti des, which is capable of annealing to a 5
conpl emerwearog/omice ei c acid "tenpl ate"” and bei ng extended PeTAUIRYASAL €
dependent fashion by the action of a DNA pol ynerase such as Taq

pol ymer ase, RNA-dependent DNA pol ynerase or SequenaseTM The invention in
one enbodi nent uses oligo-dT priners ﬁlni ch may anneal to a pol yA region of
MRNA. |1 n anot her enbodi nment, gene-spe Pric prinmers may be used which 10
anneal to conplenentary isolated nucleic acid froma biological sanple, to
anpl i fy reuprals, ipdissern olcattanheddorn subsirale ashagargayi element or puiloaledan n nor e
detail hereinafter. Nucleic Acid Sequence Conparison Terns used herein to
descri be avemyuence rel ationshi ps between 15 respective nucleic acids

i ncl ude "conpari son wi ndow', "sequence identity", "percentage of sequence

identity" and "subsg agmal ik%@fah%)é'sin@ététf@ﬁd@l biduRIMeotRk, pRIURIMIES for

aligning a conparison wi ndow may be conducted by <conputerised .
by vieband M EH20 50 S B R G EE TR b bl T b BT e
he' hPandeiereatanioBifieioPaGy BTHIaEn e e ST dovd SRRt ed by
any of the various nethods sel ected. Reference nmay be nmade to the_ BLAST
fam |y ofdepesgeabsfagbionoby dhanprhoni ekl asPiAypalymesass wuchalas Tam7,
Nucl . Acids Res. 25 3389, which is WD 02/090579 PCT/ AUQ2/ 00553 21
i ncor por giodymbrase, RNW-deptrdenic@NAYpalpnarassiodSequesasa]Vof Theeipuentien
anatysts in one embodiment uses oligo-dT primers which may anneal to a polyA region
of mMRNA. In another embodiment, gene-specific primers may be used which
10 anneal to complementary isolated nucleic acid from a biological sample, to
amplify nucleotides therebetween. Use of these primers is provided in more
detail hereinafter.
Nucleic Acid Sequence Comparison
Terms used herein to describe sequence relationships between
15  respective nucleic acids include “comparison window”, “sequence identity”,
“percentage of sequence identity” and “substantial identity”. Optimal alignment
of sequences for aligning a comparison window may be conducted by
computerised implementations of algorithms (for example ECLUSTALW and
BESTFIT provided by WebAngis GCG, 2D Angis, GCG and GeneDoc
20 programs, incorporated herein by referencej or by inspection and the best
alignment (i.e., resulting in the highest percentage homology over the
comparison window) generated by any of the various methods selected.

Reference may be made to the BLAST family of programs as for

example disclosed by Altschul et al., 1997, Nucl. Acids Res. 25 3389, which is



can also be found in Chapter 19.3 of CURRENT PROTOCOLS IN MOLECULAR

Bl OLOGY Eds. Ausubel et al., (John Wley & Sons, Inc. 1995- 1999). 5 The
term "seqweremisaentity' is used herein in its broadest s@easavRO0ISHC| ude
t he nunber of exact nucl eoti de matches -having regard to an appropriate

al i gnment using a standard algorithm having regard to the extent that
sequences are identical over a wi ndow qf conparison. "Sequence identity"
may be understood to nmean the "match Bgrcent age" cal cul ated by the DNASI S
10 conputer program (Version 2.5 for windows; available from Hitachi

Sof t war e inegrgpraied ihajeinoby refedencesodt tetsiled Hisnussionoof s=quencerdrglydisA) . As
general ly used herein, a "honol og" shares a definable nucleotide sequence
rel ati onsdanp aisdh be nfeahdi dnaGhhptém tHe8 efb@URRENT nPRETOCALIS!I honol ogs
share at | east 60% 15 preferably at |east 70% nore preferably at |east

80% and qpeECEIAR BIIGGIPEYs ahubesateP8% QBAHANASY i8deBhk  cnM1idast he
nucl eic acids of the invention. In yet another enbodi nent, nucleic acid

honol ogs ,@géri dise to nucleic acids under at |east |ow stringency
condi ti ons, 3’r eferably under at least 20 medium stringency conditions and
nore preferably under high stringency conditions. "Hybridise and

e e erany. . > ons. “Hy 0
conpl Sment ary nucl A bkl Ty 8 BB hoth s BroadiRbRaiSs 'Y
DNA- RNA (o] i IS nycl ot i de
sequencedbondude hE, AufBaHIC eRact HRk|thid, FRINETTIED redadl 451 80,1 00
02/ 09057 Q0 d B 241Mpesht using a standard algorithm, having regard to the extent

that sequences are identical over a window of comparison. “Sequence identity”
may be understood to mean the “match percentage” calculated by the DNASIS
10  computer program (Version 2.5 for windows; available from Hitachi Software
engineering Co., Ltd., South San Francisco, California, USA).
As generally used herein, a “homolog” shares a definable
nucleotide sequence relationship with a nucleic acid.
fn one embodiment, nucleic acid homologs share at least 60%,
15  preferably at least 70%, more preferably at least 80%, and even more
preferably at least 90% sequence identity with the nucleic acids of the

invention.
In yet another embodiment, nucleic acid homologs hybridise to

nucleic acids under at least low stringency conditions, preferably under at least
20 medium stringency conditions and more preferably under high stringency
conditions.

“Hybridise and Hybridisation” is used herein to denote the pairing
of at least partly complementary nucleotide sequences to produce a DNA-DNA,
RNA-RNA or DNA-RNA hybrid. Hybrid sequences comprising complementary

25 nucleotide sequences occur through base-pairing.

in DNA, complementary bases are:



22 (i) Aand T; and (ii) Cand G In RNA, conplenentary bases are: (i) A
and U, and 5 (ii) Cand G In RNA-DNA hybrids, conplenentary bases are:

(1) A andw;02945y9 A and T; and (iii) Gand C 10 Modifi esCputioneess§f or
exanpl e, inosine, nethylinosine and nethyladenosine) and nodified
pyrimdines (thiouridine and nethylcytosine) may also engage in base
pairing. Hybridise and hybridisation may also refer to pairing between
conplinmentary nodified nucleic acids £ér exanpl e PNA and DNA, and PNA and
RNA respectively. 15 A labelled target nucleic acid and conpl enentary probe
nucl eic acid |ocat®d orAanddr;reed may hybridise with each other. A
"prefect- conplenentar/' probe nucleic acid conprises a nucl eotide sequence
that is exactly nglighedCwntilGa conpl enentary target nucleic acid. A

"m smat ched- conpl enentary” probe conprises a m snmatched nucl eoti de when

conpared 20 with a |RrRNACECHBIBMHEITBRL Badesdrebe. Preferably, the mismatch is
in acentral location of the nuclei'c acid. "Stringency" as used herein,

refers to tenperat L@e an'gaha i.canqstrength condi tions, and presence or
absence of certain ‘Organi ¢ sol'vents and/ or WO 02/ 090579 PCT/ AU02/ 00553 23

5 (i) CandG.
In RNA-DNA hybrids, complementary bases are:
(i) A and U;
(i)  AandT,;and
(i) GandC.

10 Modified purines (for example, inosine, methylinosine and
methyladenosine) and modified pyrimidines (thiouridine and methylcytosine)
may also engage in base pairing. Hybridise and hybridisation may also refer to
pairing between complimentary modified nucleic acids for example PNA and
DNA, and PNA and RNA respectively.

15 A labelled target nucleic acid and complementary probe nucleic
acid located on an array may hybridise with each other. A “prefect-
complementary” probe nucleic acid comprises a nucleotide sequence that is
exactly matched with a complementary target nucleic acid. A “mismatched-
complementary” probe comprises a mismatched nucleotide when compared

20 with a prefect-complementary probe. Preferably, the mismatch is in a central
location of the nucleic acid.

“Stringency” as used herein, refers to temperature and ionic

strength conditions, and presence or absence of certain organic solvents and/or



detergents during hybridisation. The higher the stringency, the higher wll
be the required |level of conplenentarity between hybridi sing nucl eotide
sequenceswo 0280057mgent condi ti ons” desi gnates those condi PCongomaerss whi ch
only nucleic acid having a high frequency (percentage) of conplenentary 5
bases will hybridise. Stringent conditions are well known in the art, such
as described in Chapters 2.9 and 2.1Q _of Ausubel et al., supra, mhlch are
herein incorporated by reference. A dRil1led addressee will also recogni se
that various factors can be manipulated to optim se the specificity of the
hybri di satateigentpdumnng hybridisaforl @ henkigber thegiringernsty, theehigheawillles tus can
serve to ensure a high degree of hybridisation. As used herein, an

“anpli fi qatjuiced Bvetlottompingsritatity Betweaeh diybridisingy nyulectids s@mmrcets.ed by
nucleic acid anplification techniques. Suitable nucleic acid anplification

techni ques are wel "‘S*hﬁ%htt&noiﬁ%ﬁshedéd@rﬂétég tﬁsgé W.or@ndnaé\cwm PCR as
for exanpl e described i'n Chapter of " Ausubel et al. supra, which is

e Tor ertR iR catle ﬁgv'ﬁé?ﬁé%ﬁaﬁ hes" GHEBELEY o BB hay ()

hereipn by refer, roII|ng circle replication (RCR) as for exanple
deschb d’aﬁ‘?sﬂ’v'\i 6”‘3' 1996, J. Am Chem Soc. 118 20 1587 and "
I nternational applicati on VO 92/ 01813; International Application WO
97/ 19193, which ar eSmng@ntpmrmI@Qnaq@r%wlelWom iy becart, s as eleaetiked
sequence- based anplification (NASBA) as for exanple described by Sooknanan
et al, 199€ChdpiterseZ.Branguzd 0l Ausbél eindni, Supras whiclo epe hetedd ifoarponatd/
reference; ligase chain reaction (LCR) as for exanple described in

| nt er nat ignpdferRCB2/ AAKHIEY Hidressb2MAPald reédgnise that various factors can
be manipulated to optimise the specificity of the hybridisation. Optimisation of
10 the stringency of the final washes can serve to ensure a high degree of
hybridisation.

As used herein, an “amplification product” refers to a nucleic acid

product generated by nucleic acid amplification techniques.
Suitable nucleic acid amplification techniques are well known to
15  the skilled addressee, and include PCR as for example described in Chapter 15
of Ausubel et al. supra, which is incorporated herein by reference; strand
displacement amplification (SDA) as for example described in U.S. Patent No
5,422,252 which is incorporated herein by reference; rolling circle replication
(RCR) as for example described in Liu et al., 1996, J. Am. Chem. Soc. 118
20 1587 and International application WO 92/01813; International Application WO
97/19193, which are incorporated herein by reference; nucleic acid sequence-
based amplification (NASBA) as for example described by Sooknanan et
al.,1994, Biotechniques 17 1077, which is incorporated herein by reference;

ligase chain reaction (LCR) as for example described in International



Appl i cati on W89/09385 which is incorporated herein by reference; and QP
replicase anplification as for exanple described by Tyagi et al., 1996,
Proc. NawD.o2hemd? Sci. USA 93 5395 which is incorporat edPoErAdion/otns3
reference. Preferably, anplification is by PCR using primers and nucleic
acids as 5 described herein. The term"array' refers to an ordered
arrangenent of hybridisable array elenents. The array elenents are
arranged so that there are preferabl y24rrul tiple copies of a single el enent
as an internal control, enough copies of positive and negative controls to
det er m neéAdpdication WO88yA9385 shidhois. ineorpdrateeix herdir bAf feferdncex ande@-fHh
"perfect match" (ie. perfect-conplenentary nucleic acid) and "m smatch”
(ie. m smaphduseOaRIRIRRIGH 4s TYE eRbMmpRS ddsciBEd O TPagineragur fodd)iBroc.
paranmeter. A suitable nunber of copies of the single elenment are required
to speci fy cal n enA iQee! yhr i di ; I a eic
acid (or %@gr’k‘}é%@pggﬁegﬁﬁ y9 g%,g% g’hn%ct c?]serllﬂc r@%’ﬁat%@méésﬁgﬁg&{e@#%ﬁe 15
different_array el enepts may.be i ilised tp a substrate.surface.

Pref er abllsze{;%@%'lyea%mpﬁépai'topa&s gtl%%&l%s USRS PIEPese AR USHElS e%“é&s 1% array
el enents, and even nore preferably at |east 5,000 array el enents are

i mobPl | siagctibed heseiBstrate surface. Wiere an array surface is small, for
exanple 1 cnR2, the array may be referred to as a "mcroarray'.

Furt hernore, hybri direatenon'ssfayh aéfeBOtd anmrdesdeatrangementyf eibeidisatde i s

i ndi vidual l'y distinguishable. In one enbodinent, an array el enent

conpri sesgraayPeleyiiis € AtHdgrraf QUSTERLs Aré arféRidte Bo SRAOMer® ate phsTeRIDIRY
el enent conpri ses an ol i gonucl eoti de sequence. WD 02/ 090579 PCT/ AU02/ 00553

b R A e S R
positive and negative controls to determine background hybridisation. For
10 example Affymetrix uses a “perfect match” (ie. perfect-complementary nucleic
acid) and “mismatch” (ie. mismatch-complementary nucleic acid) method to
measure this parameter. A suitable number of copies of the single element are
required to specifically and sensitively hybridise to its complementary nucleic
acid (or near complementary for mismatch nucleic acids). One or more
15 different array elements may be immobilised to a substrate surface. Preferably
at least 10 array elements, more preferably at least 100 array elements, and
even more preferably at least 5,000 array elements are immobilised to a
substrate surface. Where an array surface is small, for example 1 cm?, the
array may be referred to as a “microarray’. Furthermore, hybridisation signal
20 from respective array elements is individually distinguishable. In one

embodiment, an array element comprises a polynucleotide sequence. In

another embodiment, an array element comprises an oligonucleotide sequence.



m crospheres. "Biological sanple” is used in its broadest sense and may 5
conprise a tissue, for exanple froma biopsy; bodily fluid, for exanple

bl ood, swotoanyosari ne, bronchial or nasal |avages, joint PCHiAdj02pesst oneal
fluid, thoracic fluid; a cell; an extract froma cell, for exanple, an
organelle or nucleic acid inclusive of a chronosone, genom c DNA, RNA
(total and nmRNA), and cDNA. A "bl ood Erofile test" is defined herein as use
of current technology 10 to assess b 8od of an ani mal, and may incl ude
cell counts, cell appraisal and other biochem cal, inmunol ogical and

cel lular tests. "Cl"Ergment" apprairgnl elementein rasd aayeicantext,uesdess to a
observation, experience and/or use of nore sophisticated diagnostic

t echni quds/brifisadlenaiiclec sdidgarahged tat i syrseuséd tsubgaate, nivckiding
information on conditions of 15 perfornmance animals include tests on

| avages tajepisphiepsd body cavities, urine tests, bronchoscopy, ultrasound,
MRI, CAT scans, X-rays, scintigraphy, and investigative surgery and tissue

bi opsy. A" condi ti oo aLAte fliean APLIR! i HE Bfedddy AndenTgens

external or interna at ‘nay hi ndef, “enhance or o ange the %épaci ty
et or S T GoRURA BdEebocIAPIS TR DigheYh DLy JUke PRBIg PR PERSed  n
bi ol ogi cal sanple froma test aninmal conpared with nmRNA | evel s encodi ng
t he sane speitiem; Hrineppbmnsial 0r BagadllavagasedeinbflHig, petitongal flndl,adhpeamis 79
PCT/ AU02/ 00553 26 The term "down-regul ated” refers to nRNA | evel s encodi ng
a gelne viluiiai; ha avedl; det exttadd| fyordes cel st eéxanaplbj ahogrigaaklls arpluEldic aoid t est
e inclusive of a chromosome, genomic DNA, RNA (total and mRNA), and cDNA.
A “blood profile test” is defined herein as use of current technology
10  to assess blood of an animal, and may include cell counts, cell appraisal and
other biochemical, immunological and cellular tests.

“Clinical appraisal’ is defined herein as use of observation,
experience and/or use of more sophisticated diagnostic techniques. Alternative
diagnostic techniques used to gain more information on conditions of

15  performance animals include tests on lavages taken from body cavities, urine
tests, bronchoscopy, ulirasound, MRI, CAT scans, X-rays, scintigraphy, and
investigative surgery and tissue biopsy.

A “condition or state of an animal’ refers to any influence, external
or internal, that may hinder, enhance or not change the capacity of an animal to

20 perform to its best ability.

The term "up-regulated” refers to mRNA levels encoding a gene

which are detectably increased in a biological sample from a test animal

compared with mRNA levels encoding the same gene in a biological sample

from normal animal.



compared with the nRNA | evel s encodi ng the sanme gene in a biological sanple
fromnormal animal. 5 The term"normal' is used herein to refer to an

ani mal whwoh2des39 not have any visible abnornmalities or PoowUopessSHr nance
hi ndrance or enhancenent, as detected by an assessnent by for exanple, a
trainer, owner(s), own person, veterinarian, practitioner, independent
authorities or bodies or through the gse of for exanple a clinical

apprai sal, routine blood 10 profiles? current avail abl e di agnostic
technol ogi es. The present invention has applications including, for

exanpl e, in instands teer'doneieguiatedio refees ttodnENA devels emeodimg real i s
heal thy, and the procedure is perfornmed to gain further information about
a capaci tgenef whichpamef deteetably decreased in paiidlogival samipte froat a adstlartimal Such a
di agnostic nmethod 15 may be used to determ ne severity of a sub-clinical

di sease, ddnspateastith hetnRMA Jevels BREIMEBRCSamBiiRingah d bidiogidad saipu d

persist, level of risk associated with ~continued training and whet her
conti nueqrérﬁq]ioﬂingg lqm;(aladversel y affect future performance. Factors
i ncl udi ng subtle cﬁanges in diet, training reginme, stable, or season may

af fect performance gf an ani mal . .20 rrent .Methods for .Diagnosis of a
Di seabe Di agnosi ng edf%§@a§78r’6’ﬁr d%f“'é%’i ‘ﬂa tPi@%rg? an ?ﬁ'@@gg@' ?‘@9@3
present genetic tests has limtations. For exanple, a cause of conbined
i munodefNati 8AYy any e¥isible cpipporimaliieabPhNKHWE eBeffrmai hirdneacgeRtti cal |y
based. As described in US Patent No. 5,976,803 an abnormal copy of the gene
WO 02/ 09GHiHanPEMent)0 250088 te@ 7byc aan Essdesmentdyi oDN&aimyié, atsedraineym t he
ani mal using a DNA-based diagnostic test such as polynmerase chain reaction
(PCR) . ThevigsHs), raePopsrsbhe veeringhiBn, practitioner, independent authorities or
bodies or through the use of for example a clinical appraisal, routine blood
10  profiles, current available diagnostic technologies.
The present invention has applications including, for example, in
instances where there is no overt disease, or the animal is healthy, and the
procedure is performed to gain further information about a capacity of a
performance animal to perform o its best ability. Such a diagnostic method
15 may be used to determine severity of a sub-clinical disease, its possible effect
on performance, whether training should persist, level of risk associated with
continued training and whether continued training may adversely affect future
performance. Factors including subtle changes in diet, training regime, stable,
or season may affect performance of an animal.
20  Current Methods for Diagnosis of a Disease
Diagnosing a disease or determining risk of a disease using
present genetic tests has limitations. For example, a cause of combined

immunodeficiency disease (CID) in Arabian horses is known to be genetically

based. As described in US Patent No. 5,976,803 an abnormal copy of the gene



and an exact DNA sequence of the normal and abnormal genes are

conveni ently known. However, in many instances conditions and di sease are 5
af f ect ed W9 oangbscaused by variations within one gene, unkROEAES3 or

t hrough contributions from many genes. In nmany instances, the only evidence
that a gene or group of genes nmay be responsible for altered conditions and
disease in animals is through correl ative statistical data between
variations in non-protein coding Eh%??intergenic regi ons or

m crosatellites) and clinical 10 observations. CGenes may al so be suspected
of causi regndedeigiciedin DN iseleted rlom thecarimal u$ingraeDblé‘néa$mydilagnaaf¢'Wm but
an exact nucl eotide sequence or abnormality in the gene causing a

condi t i ortestssuuht ak polymerdse whdiimgdactiopeRERY Thesjdrregrdsponsiblk for D y known
genes that cause a particular disease are of limted value. 15 M croarrays

Current | yarldsagh | gkt SBREE SRRRMRE! iof St HRIm T ARt aBRGIRAIC gbRES Safenc! ude

determ ning levels of gene expression in cells using mcroarrays, or other

devi ces g (EhRARS KEARRD! PoflovePBASHARD gL oBBERE RURISSNL B The Use

of gene eXpréssi ests npare cel'l” popu ions 1S we nown in the
art. puch _tests have been used 20. t.o di agnose a di sease state by neasuring
Speci Bi'c AR BYSPad sa3eR BorRAtORE GBI ook SFEe HCOMBENS B8 Pat ont
No. 6,190,857, incorporated herein by reference. In particular detecting
the | eveltBrasihreaudribuionsHisogenany I9eges, Inimany instancasadhel oslye\ddesiar ed t o
normal state to determ ne presence of prostate cancer in humans. WO
02/ 090573h&CA/ 82 60 @& oR§eAastrhay bexaspbasibfe frcditdred tcondi®nbesd used to
determine specific genes that are differentially expressed in nornal and
di seased dig&gseein Bnimals is through correlative statistical data between variations in
non-protein coding DNA (intergenic regions or microsatellites) and clinical
10  observations. Genes may also be suspected of causing a condition, but not yet
proven, or the gene may be known but an exact nucleotide sequence or
abnormality in the gene causing a condition is not known. Accordingly, genetic
testing limited to only known genes that cause a particular disease are of
limited value.
15  Microarrays Currently Used in Disease Diagnostics
Other current genetic tests include determining levels of gene
expression in cells using microarrays, or other devices or methods capable of
measuring levels of gene expression. The use of gene expression tests to
compare cell populations is well known in the art. Such tests have been used
20 to diagnose a disease state by measuring specific mMRNA levels in peripheral
blood leukocytes described in US Patent No. 6,190,857, incorporated herein by
reference. In particular detecting the levels of mRNA for the genes IL8 or IL10

in diseased state compared to normal state to determine presence of prostate

cancer in humans.



humans. This has been used to assess a condition of a patient and is
described in US Patent No. 6,194,158 that relates to gene expression in 5
rel ati on wo obiogism cancers such as glioblastona. A nucl ei c Patiadoedesssi fi ed
in such a manner and described in this patent may encode a conplete or
partial gene of interest, which may be attached to a substrate, for
exanple a mcroarray, to assess relative gene expression of the
differentially expressed gene. A furtB8r extension of the use of gene
expression technol ogy has 10 been used in diagnosis (class prediction),
sub-cl assi fi cati on Anathers exiasude eofy puchinigstuliesqbean ubed cle detarminapy of
| eukem ¢ cancer in human (Gol ub, 1999, Science 286 531), herein

i ncor por adpedificygerefscthatare diffefentlaligexprdssediinmonial Ard dissaisell tissliatim ve gene
expression technol ogy has been used to predict the clinical outcone of

breast ca{iffafs, aNthisOhd§tI8EH NReA td 8RLEEE La TRMdWON f ANl dHEES!
cancer (Khan, 2001, Nature Medicine 7 673). Another extension of the use

of gene r ik O; [ n i 4-0r i i se. state pagnse to
Ther api eShetogdel YASHAIBREN G "ol 1A LB T Uh® oRRBsS B0 56,
where_an expression value for a gene-set is ysed as a.basis.for conparison
ot webn dELERES tRAe Criter Suet S SNEpEStoss s e Suitid Hasiredin S of 0
di sease and di sease prognosis is possible in these exanpl es because a
linmted ahinaneer @gndgdercsibaddn dhistratent maly gnaoder 2 sompleterer rastial e i s
wel | defined, «current tests can be used to diagnose and classify the

di sease, dfrinteresiewbich chaydses attactt#dto aysubstrate, doreexdmpiecalnigroaiorayots, or
there are other nmethods of co-determning the clinical course of a

ggfg?fﬁehiéﬂé@egﬂé@ﬁ@ BehEEAAENOSBe RiferbRtigifNEXFatsd %Qné.h_e above,
g a conditron of a performance aniral when there is no specific
data on previous tregl{RMsision of the use of gene expression technology has
10  been used in diagnosis (class prediction), sub-classification (class discovery)
and subsequent choice of therapy of leukemic cancer in human (Golub, 1999,
Science 286 531), herein incorporated by reference. A further extension of the
use of relative gene expression technology has been used to predict the clinical
outcome of breast cancers and to determine a treatment regime in human
15  breast cancer (Khan, 2001, Nature Medicine 7 673). Another extension of the
use of gene expression technology in monitoring disease state and response to
therapies has been described in US Patent Nos. 6,218,122, and 6,203,987
where an expression value for a gene-set is used as a basis for comparison
between diseased and normal cells. Diagnosis and sub-classification of
20 disease and disease prognosis is possible in these examples because a limited
number of genes are differentially expressed, the condition is well defined,
current tests can be used to diagnose and classify the disease, or stage of

disease and/or symptoms are clinically obvious, or there are other methods of

co-determining the clinical course of a disease.



conditions relies on detection of differential expression of a |arge nunber
of genes and correlation to previous data collected froma |arge nunber of
5 sanpl eswatwengsthe clinical condition of the ani mal s hasPoegaxUedds3
docunented and is not necessarily either clinically obvious, or current
tests show no definitive diagnosis or classification of disease. FIG 1 is
a flow diagramillustrating one enbodinment of information technol ogy
architecture and data flow as part of 28 renote delivery service 10 process
of the invention. External users are shown as C ass One 505, Cass Two 510,
and C ass Three 518nt lcantrasie with ethest @labven disterimining ianf eonditiaronof ragar di ng
their respective gene expression results when using the proprietary gene

expr essi grerfonmayisesarigiy iwien fHees és weesseaity datecbrdgrevioas texamenes or
pat hol ogy | aboratories, drug | aboratories, pharnmaceutical conpanies, 15

col I abor %‘o%ﬂion@encgli%@'%@%‘g{tﬁtioheéﬁBiﬂé@éﬂtia@ré}&éééi@ﬁ‘%{f% Phrg8! MihBEr oPWNEr S

of performance ani nmals, etes and/or athletic tralnegg. Each of these
users 50 1 5 il _bg i t i i r S gene
users <P SpnesLBne il " PRATES. b Salbeld T ARG ThedlRr Lo,
520 nay, SeGROER athe haeTaios) soadRon 28 dee Ahierlp Jos BEEN MElAROUReRT
computers and delivered via web pages on the world-w de-web (the

| nt er net )andTtie: nofi negessaite reither oelinicallyhebuvious, iafit edredle teaigushovB200wi | | be
via a controlled firewall and web server. The firewall will be the first

line of diffimitive diagadsisior grassificatiomofldiseaseéhori sed intrusion. Port bl ocking
t echni ques and WO 02/ 090579 PCT/ AU02/ 00553 30 protocol restrictions wll

be inposed at the frjcevakla fidgidgraevillidtraAing dPesObYRRentTNORAERS W | |
be fully maintained with the |atest security patches to ensure
technology architecture and data flow as part of a remote delivery service
10  process of the invention. External users are shown as Class One 505, Class
Two 510, and Class Three 515 that are interested in obtaining information
regarding their respective gene expression results when using the proprietary
gene expression analysis service. These users may include, for example,
pathology laboratories, drug laboratories, pharmaceutical companies,
15  collaborators, medical and/or veterinary practitioners or similar, owners of
performance animals, athletes and/or athletic frainers. Each of these users
505, 510, 515 will be interested in different aspects of the gene expression
results and will therefore interact in a different fashion, but all will interact
remotely via an user interface module 520.
20 Interface 520 may, for example, be a browser-based interface as
found on most computers and delivered via web pages on the world-wide-web
(the Internet). The initial interaction to the user interface module 520 will be via

a controlled firewall and web server. The firewall will be the first line of defence

against unwanted and unauthorised intrusion. Port blocking techniques and



currency of protection against hackers and intrusion. Each user w ||
establish a secure connection 525 (user authentication and establish
secure wewo200r5mecti on) to ensure confidential identifi c&Ciravozmodsst h
directions for the user and service delivery provider. The security is
managed by a custoner access managenent system 565 that controls access of
users 505, 510, 515. Such security @sures are commonly used in the art
and one enbodi nent would be use of SSE (secure socket |ayer) technol ogy
and digital signatures. Further 10 security layers can be added at this

i nt er f acePrpfocoktratrielipnenwilltiegimpased aidbe ficewall.ehbe/fireaplbase wainpevent such
as continuously changi ng nunerical keys in possession of the user and
avai | abl eerivirophwsesitiveill der flilly anaintained withuiteethtestedenorilys patchas 4o @msueend Two
Users 505, 510 are shown sending 15 information as a query 530 and 531,

that i ncldifiescy siynstdcn ra@ﬁﬁfs@'h@@ké’rgaéﬁd“lntr%ldhor@ééﬂ Qﬁeﬁwmté&alﬂfshaé‘ ani nal
(interpretation request), sanple details, gene expreSS| on results,

cl i ni cal gl At MBAA BoLicpatd og aaagh%ﬂgl&ﬁswses 05, hEEM! g3, gene

sequences, a I've requ ass hree re - shown
sendi glnfor tiopn 535 as di.n errogation requests 20
¢ egar 8 ngCATREEPR o BifE Bcrnfl%i Y et Caains iy AR o K o
i ndi vidual animal s/athletes. Queries 530 and 531 may contain formatted
gene expraf¥kpeicgndelivery prevden nf be decHdly iggnanagefibyta cesiemsn@scesdodi nent
woul d enploy the use of digitally signed XM. docunents to ensure
aut hent i acnagagerdenbaysierm 665tthat YEntd@s BREE9 dPUBeABEDO0BID35131 Becuest .
QG her authentication, authorization and encryption and key managenent
st andar dssatutity heasoRls £¢ ’fminbAly RRYOIAERha\¢a AddPbRe embodiment would be
use of SSL (secure socket layer) technology and digital signatures. Further
10  security layers can be added at this interface if required and might include
challenge/response component such as continuously changing numerical keys
in possession of the user and available in plastic card format and trusted
networks.
Class One and Two Users 505, 510 are shown sending
15 information as a query 530 and 531, that includes a question regarding health
or condition status of an animal (interpretation request), sample details, gene
expression results, clinical information, pathology laboratory results, gene
identities, gene sequences, collaborative requests, etc. Class Three Users 515
are shown sending information 535 as a query including interrogation requests
20 regarding a health status of individual animals/athletes or groups of individual
animals/athletes.
Queries 530 and 531 may contain formatted gene expression and

clinical information as a request, one such embodiment would employ the use

of digitally signed XML documents to ensure authenticity and content of the



As a further security neasure to protect central databases 590, from
out si de unaut hori sed access, queries are tenporarily stored in a b5
transact iwo oagrng nodul e 540 and queries 532 and 533 wi IPCThaiodnesad i nt o
respective pathol ogy service nodul e 550 and col | aborative services nodul es
555 only on request fromthe service nodule. This process may enploy a
second firewall and may be configured_to further restrict network traffic.
This firewall will only permt i nt er A4l requests from 550 555 560 to pass
through the 10 firewall. Al other network traffic will be bl ocked as wll
unnecessdequesirt s Qfer pﬂﬁh@@mﬁ@cnRea@beﬂzmwﬂpaah@I@@Vﬂ@@DmldﬂEinb@mle 550
and col | aborative services nodul e 555 include special software capabl e of
servi ci ngnaragementstaadals willdedagliedery they pesonfe avtlableb05, 510. Pat hol ogy
services nodul e 550 and coll aborative services nodul e 555 are shown in

communi cation wth ﬁ@s?‘%hfuﬁﬁeﬁts@%ﬂ e%sﬁﬁ-md %'rot@@i BEREASIABBasé9HYpgENet i C

i nformati on (genetic database) sanpl e and gene expression information
(sanpl e 9 r i v or.Lel
heur sti A spRde tinafiifrise; 5?&% RS

't hB sarmectids Aageb e hl%@ét@%ﬂdéﬁﬁ@%%‘ﬁ% S BB B

device and are used to |nterpret results fromsuch a device. The genetic
dat abase rgspestyeapaiholpgydsenyicsr mpdile §6Reand geliaharptive iserviestl nrchBes equence
information to coll aborative services nodule 555 and coll aborative

servi ces G5/ ohlygonineqaegtr fbat il sendenendddés dhid pooces\InaR /8016y B

PCT/ AU02/ 00553 32 sequences) to Class Two users 510. Information in the

sanpl e dajczbag€ireRall Wnﬁ% 5 UdhRGG@dt oRKther réstiedneivark Tdif¢.i tThhigisi ng
conput er al gorithnms such
firewall will only permit internal requests from 550 555 560 to pass through the
10 firewall. All other network traffic will be blocked as will unnecessary ports and
protocols.  Respective pathology services module 550 and collaborative
services module 555 include special software capable of servicing requirements
of the different types of users 505, 510. Pathology services module 550 and
collaborative services module 555 are shown in communication with each
15 other. Core central databases 590 store genetic information (genetic database)
591, sample and gene expression information (sampie database) 593, and
correlative data (correlative database & heuristics) 595. The genetic
information stored in genetic database 591 is used to create gene expression
devices Design details 592are also stored in the sample database which
20 contains gene location information on the device and are used to interpret
results from such a device.
The genetic database 591 is also used to provide gene

identification and gene sequence information to collaborative services module

555 and collaborative services 575 (eg. interpretations, gene lists and gene



as K-neans, principal conponent analysis (PCA) and sel f-organi sing naps,
comonl y avail able in packages provided by conpani es such as spotfire, 5
silicon gwpetioesy9 and at hi gher | evels of interpretation, POFNUIRMA0S5These
clusters anount to identified correlations 594 between gene expression and
sanple information and are stored in various formats, in the correlative
dat abase 595. An heuristic or neural _network or rul e-based conputer

sof tware system pre- programed wth Pél es or trai ning sets takes queries
534 (eg. expression 10 details and sanple detailséé stores these details in
t he sanplsequenaes)ste G®s Twa uskesm 5¢0npafasmating igdee papmle database: hd8 e

already stored in the correlative database 595 and produces standardi zed

reports asath bercletatadoivgetieri hasedl’én simitarity dishty tomipuéerr algedthods sbeh
heuristic programj. Correlation details are converted to useful

i nformatign S i o [ EinkP nfARTP! € a
fully for mﬁgﬁapgbggﬁa?gﬁiéﬁcl udgﬂ?rﬁ?gg%sﬁ%e'?g??\ nirﬁié%%ifgonrgéﬁli%wgggr pretations

575 (and i | S: || d ; €e..S el y
el ver e BUEBAT, VaBRECin. baLReg: riSed 1) RRARBE S Can BB
users_505,.510. Financial s, datahase 597 keeps track of, defails including
for 80 Sllisdp uenatB3uand ) has daiede 48 iR BRRE Daovs | ess s
mar keting database 596 keeps track of items such as sal es and narketing
det ai | s, amewni: to diandified, catrlatiors S94| betwaen asaRagrmsassiananst sarple
managenment. Internal data warehouse 560 receives information from

dat abasesdntedMati6n GrahdrecSidred in sarioud éornadts,diat thevarsiativeedaBbdase 19950nl y be
accessed by authorized internal users WO 02/090579 PCT/ AU02/ 00553 33

conduct i ngh Iegiistieirendital RERForRCHI WileibaBed AciAutet Joftlps Hislerf abre-
war ehouse 545 services the needs of Class Three users 515. "Specific (and

confidentd8hlammed with rules or training sets takes queries 534 (eg. expression

10 details and sample details), stores these details in the sample database 593

and then compares the query pattern to those already stored in the correlative

database 595 and produces standardized reports and correlation details 570

(according to the rules of the heuristic program). Correlation details are

converted to useful information such as gene expression correlation results, for

15 example a fully formatted report to include interpretations 571 and

interpretations 575 (and optionally genes lists and gene sequences) and are

securely delivered back to the requestor via the internet to Class One and Two

users 505, 510.

" Financials database 597 keeps track of details including for

20 example accounting, purchasing and payroll details. Sales and marketing

database 596 keeps track of items such as sales and marketing details, client

details, customer relations management and stock management. Internal data

warehouse 560 receives information from databases 590, 596 and 597. This

internal data warehouse 560 will only be accessed by authorized internal users



information 580 is extracted frominternal data warehouse 560 that is then
stored in secure custonmer data warehouse 545 where authorized users 515 5
can quer ywb32/09d50¢ exanpl e as interrogation requests), sp@CiTfAt2/a0:33
confidential information such as clinical history information, pathol ogy
results and interpretations. This information is presented in a secure
user-friendly and/or visual format 585 in relation to individuals or
groups of athletes or performance anP#al s, and/or time series of results.
10 FIG 2 is a flow diagram of one enbodi nent of the invention show ng

st eps f orcomslseting fegitimaie boginesk addinilics. f Arsedusgfintdrngl) atatasgarebousge a
condition of an aninmal. A user collects a biological sanple 10, for exanple

a bl ood Z@BEewidesotieandsdssef Cliss TRredandersi 315, Sipekifigi ﬁ@au donfidential) s
i ncluding biochem cal and haemat ol ogi cal paraneters, clinical data

(1 ncl udi ngrobafen %@rlgfé%r%cié%ﬁtf@n amér@apaalas% HHL%”BB?Q%@G@ thénh | ected
and recorded I n a standar format 15 or exarrp e by f ing in a standard

form Th g S 0 t

cont ai neét&ﬁ@r% 68" AiRoMel 8 wBlsROREE s B el PeseRr y (o
m sma ch co nucleic a ocated op.an arra The nucleic
Aci d AT ST R HoGOa Skee i And eopQSnIRb ¢
target nucI eic acid. Preferably, the arra is a device such as a

m cr oar r dyfofmatiani sucbads3livjcadt hisderyd | maa@narmath@h?gyprr@amlta:omn to
the art to identify and neasure relative abundance or absol ute abundance

of those inegpretaticrs. dFhfsr forniatiopi isl mesenledsianplseculd aber-frignelybanddrt o
probe nucl eic acids i mobilised as part of array 20 (inclusion of WO

02/ 090579;idifal oYzl S8 idrelaforitd MURAGUHIS of 3RS éﬁétmaeQ%rr%k‘i@Fméhb@WS for

the calculation of the relative abundance™of target nucleic acids, whereas

a met hod feyeloRed/diMihd eries of results.

10 FIG. 2 is a flow diagram of one embodiment of the invention
showing steps for assessing a biological sample for diagnosing or assessing a
condition of an animal. A user collects a biological sample 10, for example a
blood sample from a horse. At the same time, biological parameters including
biochemical and haematological parameters, clinical data (including blood

15  profile tests) and appraisal information are collected and recorded in a standard
format 15, for example by filling in a standard form. The biological sample 10 is
processed so that nucleic acids contained therein are detectable when
hybridised with a complementary (or mismatch-complementary) nucleic acid
located on an array 20. The nucleic acid may be detectable by a label

20 incorporated therein, for example a target nucleic acid. Preferably, the array 20
is a device such as a microarray which is read 30 by standard methods and
equipment common to the art to identify and measure relative abundance or
absolute abundance of those nucleic acids from the biological sample which

have bound to probe nucleic acids immobilised as part of array 20 (inclusion of



conpany Affynetrix, Inc (the "Affynetrix system') as described at their
website "affymetrix.comt relies on internal references). 5 Array 20 nmay
conpri se woloangs'nunber of probe nucleic acids, eg. 1000PsTHUIOEISRI C
acids. A large nunber of probe nucleic acids nmay be particularly useful if
an animal is not presenting with any visible signs of poor condition, eg.
overt disease. Accordingly, in one enbaodinent, |abelled target nucleic
acids of a sanple are first applied t 84an array conprising a "full-screen”
10 of target nucleic acids (eg. 1,000"s of nucleic acid probes that

r epr esenta metsrence sample ount ine patalletiatlowsi fts tepcalsslationnofatreanglbttye Based
on results fromthe full-screening, the |abelled nucleic acid targets nmay

be appl i esbundancsubf tefgetf nudlbie buids; setieeds agmethsed! dicishearpnsl tind
nucleic acid targets that nmay be associated with-a particular condition,

f _ . b . ) h
or exam&npiﬁﬁggyiﬁgﬁﬂ I6é %%Sﬁm@tﬁgy%t%gfglﬁgg&bpﬁ% attifeir Q@?gﬂé romthe

read mcroarr clinical rmati on 1S

formatt ed nsm tted yi ixcations network 50, for exanple
the Inter ﬁﬁ?i“%pg‘-é&ﬁeffﬂle 031 Q\é«%}r@gﬁe@&@ﬁ?@ r 60. It will be appreciated
that transm ssion of the formatted data to the repote diagnosti¢c 20 server
60 reduires | ess baNGRN dPIMENSAMAISREHPISS RUMSE ShRIPS MHCPREIGTS &G0 ¢ he
user and less skill and tinme on behalf of the user. The transmitted data is
anal ysed T80's of auelgisl ecigg. c dwpgardes shimheraol prele swidgic pacids onay ybe
collected information in relation to clinical information and expression

| evel s (rpdrticulsgy uskfuidban egnimél ishrohprEsentingaviths aap vidileld signg bé pober oar r ay
20. Al so, experts, for WD 02/ 090579 PCT/ AU02/ 00553 35 exanpl e,

bi oi nf or RYridRior, Bg. Bvehogisehse. IQEofdifglyPd BALAHB&SImetdiabBRed 4@ty
anal yse the data to provide additional Useful information. The anal ysis
enabl es  nycleic acids of a sample are first applied to an array comprising a “full-screen”
10  of target nucleic acids (eg. 1,000's of nucleic acid probes that represent most or
many of the nucleic acids expressed in a sample). Based on results from the
full-screening, the labelled nucleic acid targets may be applied to a sub-set of
the full-screen, eg. a selected panel of nucleic acid targets that may be
associated with a particular condition, for example, respiratory diseases, drug
15  consumption, etc.
Data from the read microarray 30 and clinical data and appraisal
information 15 is formatted 40 and transmitted via a communications network
50, for example the Internet, to a remote diagnostic server 60. It will be
appreciated that transmission of the formatted data to the remote diagnostic
20 server 60 requires less bandwidth than transmitting database information to the
user and less skill and time on behalf of the user. The transmitted data is
analysed 70, for example by comparison to a database of previously collected

information in relation to clinical information and expression levels (relative

abundance) of the nucleic acids applied to the microarray 20. Also, experts, for



correlation to a condition 80. In this manner, the expression |evels
(relative or absolute abundance) of the nucleic acid probes applied to the
m croarr ayo2/0%529 e correlated with previously coll ected dartatebetssng to
known conditions stored in a database 80 and conpiled 90. The dat abase may
al so store information in relation to an identity of known nucleic acids,
nucl eoti de sequence on the array and/qQr |ocation of nucleic acids on the
array, its biological function and i ARs to other databases. 10 Results in
relation to health and performance condition are transmtted via a

communi ca@Xaongenbioisfiokmaliciaisd bielggistss alaséonsy pathidegists, tand thes ke agaw r eport
95, for exanple a hardcopy printout or visually on a conputer nonitor. The

descri bedrmydecinchdstacidveroviagesddifionat gisieful mefolragtibvanTive dhblysikSeriables
transmtting sanple data and final report between user and renote

dat abase/gyrr4afiPio aEInditRINCSES $h B8ls Infa Mt B bRS@saidf 1BVEIS (RiIAfivd P! -
expert analysis of the sanple data is centralised, the conputer software

may inc 1 i Sk . I.NL M sd N j i on,
the  posatBelthyplfiensh) Srdfs sRERic SBlet Piorasr sl R, B BlorolEh 20
infornation stored . in,20 the co rcially valuabl e database.is under strict
contr 8l i QFELtREITERIRIRISiGFo lacied deiaiai 04 KM BRGNS SWFRA st eps
are described in nore detail hereinafter. FIG 3 shows an environnent for
wor ki ng tiR& delehase §8sad erapiled 98y Ghexdatabage mayoaso wteretinfieapatien in
veterinarian or practitioner, collects a WD 02/ 090579 PCT/ AUO2/ 00553 36
sanpl e 12e@ldticartoaan mientipl ofikHowrt oucleicaagidie, ruddatinld sequaneeforotheaarnay se or
athlete. Concurrently, information in relation to a condition of the aninal
I'S and/or location of nucleic acids on the array, its biological function and links to
other databases.
10 Results in relation to health and performance - condition are
transmitted via a communications network 50 and may also be provided to the
user as a report 95, for example a hardcopy printout or visually on a computer
monitor.
The described system has advantages of requiring low bandwidth
15 for transmitting sample data and final report between user and remote
database/processor, data processing is centralised and more efficient, expert
analysis of the sample data is centralised, the computer software may
incorporate heuristic methods thereby minimising human interaction, the
possibility of user and interpretation bias is avoided, and information stored in
20 the commercially valuable database is under strict control and does not require
direct access by an outside user. The steps are described in more detail
hereinafter.

FIG. 3 shows an environment for working the method described in

FIG. 2. A user 100, which may be a veterinarian or practitioner, collects a



collected in a standard format 102. The sanple is collected, nucleic acids
isolated therefrom prepared and applied to an array 120 and the array is
read 5 bywen2@sesay reader 130. Data fromthe array reader PCIA@dossBi ni cal
apprai sal and condition information 102 is entered into a conputer and
formatted by a processor 140, which nmay be for exanple, a | aptop conputer
with a nodem The formatted data is transmtted via a conmunications
network 150, for exanple the Internet® A remote di agnostic server 160
receives the transnmtted 10 data and the data is conpared with a

dat abase(mule 112thfrom snanimalidda, foraxamplarepblooddsaraplenfrorl athiosse 0o

nucl eic acid location on an array, expression level (relative abundance or

absol ut e athlgtelanCencuteritiynuaioemeatiogiid reldtiondics adconditiora of cther aisip@ihds ng
nucleic acid on an array, and data correlating nucleic acid expression

| evel anggneefedr RBCStandard tfJS‘rmé’cr 162N0Thé YanPled8 Sdllddbed, AwléitGcidsi s 2

flow diagramillustrating steps for preparing an array In accordance wth

th t

e ;grsz%aégéme%@w%C%a%ar%%%d;@a&?% L YR
white_blqod cells isaol at rine or ti.ss

(et i Y Roeara fedipbd SnDtes SRue A r%ﬁ@”p@gaed SigECapo R )

20 specific aimof collecting the biological sanple is to isol ate and
sequence al cepgifion dnieymationelids st enierechénte samspemuier ase fermaliechbyay .
Thousands of nucleic acids may be isolated that may forma | arge nunber of

pr obes f qroeesdarobtD, sehiekmay bef foarexampie/ & dapepetornputek evitlpaanodeme
expression pattern. WO 02/090579 PCT/ AU02/ 00553 37 Nucleic acids are

i sol at ed frHeToihatidd AAG1 Batrapamitte’i vid eprt%mmﬂﬁkéﬂéﬁs tﬁlﬁw&ﬁﬁﬁ'ﬁ@ gy be
used to prepare genomc DNA or tissue specific nRNA 223. In anot her

I nstance S the Shidhedt. TA M8bls aRkigRbes sBfvet 3T r%c%ﬂv%s the transmitted

10 data and the data is compared with a database(s) 161 which stores data, for
example, data in relation to nucleic acid location on an array, expression level
(relative abundance or absolute abundance) of a nucleic acid hybridised with a
corresponding nucleic acid on an array, and data correlating nucleic acid
expression level and performance, health, or condition of an animal.

15 FIG. 4 is a flow diagram illustrating steps for preparing an array in
accordance with the invention. A biological sample 210 is collected from an
animal. Biological sample 210 may comprise for example, a blood sample
(preferably white blood cells isolated therefrom), urine sample or tissue sample
(including fetal tissues and tissues in various stages of development). A

20 specific aim of collecting the biological sample is to isolate and sequence as
many relevant genes from the sample for use on an array. Thousands of
nucleic acids may be isolated that may form a large number of probes for a

broad screening of an animal’s genetic make-up or gene expression pattern.



and a cDNA library 220 is prepared fromthe isolated RNA. Plasm ds 221 5
conprising cDNA inserts fromlibrary 220 may be sequenced 222 from either
or both wOooaghsey 3' end of the nucleic acid. PreferablypPC¥agueneissg is
fromthe 3' end. Sequences may conpri se Expressed Sequence Tags (EST). If

an isolated nucleic acid does not encode a full-length gene (eg. an EST),
a partial nucleic acid may be used as_a probe to isolate a full-length
nucleic acid. 10 Alternatively, or i n34ddi ti on, EST sequence i nformation

may be conpared directly with a sequence dat abase 230, for exanple
GenBank, and a searlNucleisr acids| atee isotated ofsomi the bgé@glealceempafdnneme

Put ati ve gene identification and function 231 nmay be determ ned from a
sear ch, finstaerartheesanBieASdy dgauséd to@répereegenamist BNA28Otissye dpéeifiti ni ng
t he nunber of times each gene is 15 represented in the library, a conputer

may be prapNaIDRd. qnaﬁaﬁwr%étaﬁce nwme |b§%%éd3ﬂoﬁﬂfﬁ1esﬁléﬁgﬁra?Eéﬁﬂbié)m@f the

rfal ati veI abundance data of nRNAs a sanple. Gene-spe

3
ful ?ERE& 8 e oL 25 ¥ %ﬁ%ﬁﬁj&éeﬁoﬁsﬁ%" soé%%ﬁ@% oot crﬂ@gf%sf 232
Cor r e Bporftiig e PEINA Tiert Tite RcRy 20 ey e desh te"gé??ﬁfa«?‘rarq‘? o Bl i Ty a

regi on of correspondi ng nucleic aci d may be, for exanple, isolated plasmd
DNA 221 didhd agefnd’ crmohef thepnucleie amP(ref@rablseelecwqwrrgns fraRythe 8. The

nucleic acid thus prepared can be used directly as the nucleic WO 02/ 090579
PCT/ AUO2/Xih 53Se§8eramasd sndyo rcoaipgriseh EmgrdssednSequayce AagsAEST).i cHt aon
products 225 may also be generated using non-gene-specific prinmers (eg.

%: : ggngzl ugggmdggﬂgggﬁgs%@{égcgagg fakRGth genel(&f. drESTSSA bartial
nucleic acid may be used as a probe to isolate a full-length nucleic acid.
10  Alternatively, or in addition, EST sequence information may be compared
directly with a sequence database 230, for example GenBank, and a search for
related or identical sequences performed. Putative gene identification and
function 231 may be determined from a search, for example a BLAST search
performed in step 230. By determining the number of times each gene is
15  represented in the library, a computer may be programmed to enable the
normalisation and standardisation of the relative abundance data of mRNAs in

a sample.
Gene-specific oligonucleotides 232 may be synthesised using
information from EST or full-nucleotide sequence 222 data. Gene-specific
20 oligonucleotides 232 may be used as amplification primers to amplify (step 224)
a region of a corresponding nucleic acid. The nucleic acid used as template to
amplify a region of corresponding nucleic acid may be, for example, isolated

plasmid DNA 221 and/or genomic DNA, cDNA or mRNA (eg. used with RT-

PCR) 223. The nucleic acid thus prepared can be used directly as the nucleic



232 may al so be used on array 240, alternatively the oligonucleotide 5
correspondi ng to known sequence can be built successively nucl eotide by
nucl eot i cwomR/0g053upport using Affymetri x met hodol ogy suchPa3/Ateanoisa US
patent no. 5,831,070, incorporated herein by reference. In one enbodi nent,
the step relating to constructing cDNA 220 and isolating plasmds 221
conprising the cDNA may be omtted. In this 10 enbodi nent, isolated
genom ¢ DNA or tissue specific nmRNA 238 is used as a tenpl ate to nake
anplification product 225 by anplification using gene-specific priners
232. Anpladids fon aftaghiogdotarp 2&ayed4be Aanplifichtidn tryoductay225itayNalsbebe aci ds
attached to or built onto array 240 preferably represent nost, nore

pr ef er abl germratedexpings aen-geereaspdcificapdinees (s dligofdTnplasmidl segueneé of
interest. For exanple, for a conplete diagnostic test for racehorse bl ood,

the arrayidihiy 8 fiRiialdtid on fieRsh) COHBEnbdebiifes BbirssUndi@ sl aGEHR

various conditlons and at various stagés o er ent FIG 5
shows a f Laor ri.sj ng.s kNN ge jon in
o1 ol og: i el e A 4k "Foc RPRL P ey S BoRea e o
target. 310. Nuclejc acids, in particul ar (total RNA or \),, are

o aBed RIERPENGING, G Aol 3eB3enes Gt bs1 butat e STEHD BUEKETNE N

sanple. cDNA is prepared fromthe RNA and the cDNA is |abelled resulting in
| abel | ed nudleptids @re spposABINGRITEMeHiX Methodalegy suctdas thasin UsSopatemhy be

used as a tenplate to synthesise |abelled antisense RNA for use as targets

320 and W0.&3ID030JinBepoaied/ 6Dy R9er@hbe. Reference target 325 may be
provi ded as a previously prepared | abelled target of known concentration.

Accordingly, referqncehd anitRididént, tRE%tBRreRRingSINEHRSH RS SDNAT22d el wi th
each sanple target. Internal controls for refefence
and isolating plasmids 221 comprising the cDNA may be omitted. In this
10 embodiment, isolated genomic DNA or tissue specific mMRNA 223 is used as a
template to make amplification product 225 by amplification using gene-specific
primers 232. Amplification product 225 may be attaéhed to array 240.
Nucleic acids attached to or built onto array 240 preferably
represent most, more preferably all, expressed genes in a given tissue from an
15 animal of interest. For example, for a complete diagnostic test for racehorse
blood, the array should contain genes expressed in the cells of blood under
various conditions and at various stages of cell differentiation.
FIG. 5 shows a flow diagram comprising steps for determining
gene expression in biological samples comprising both reference target 305
20 and sample target 310. Nucleic acids, in particular RNA (total RNA or mRNA),
are isolated from biological samples 305 and 310, which may be the same
sample. cDNA is prepared from the RNA and the cDNA is labelled resulting in
labelled targets 320 and 325. Alternatively, or in addition, cDNA may be used

as a template to synthesise labelled antisense RNA for use as targets 320 and



target 325 and sanple target 320 provide a neans for normalising and
scaling 5 relative probe concentrations. Sanple target 320 and reference
target 3250apmisybridised with array 330 in step 340. Arpay/AAB0/oossy, for
exanpl e, have been prepared by steps shown in FIG 4. The hybridi sed array
is washed 345 to renove non- specific hybridisation of targets 320 and 325.
It will be appreciated that one 10 skilled in the art could select
different stringency conditions of was 345 as required. Array 330 is read
inan array reader 350 to deternmne relative abundance of RNA in the

ori gi nal §§ﬁp|%¢femnczﬂwta¢@etr%2@nw loé provdsied essi previdusly beepaved ésipaifedi ng
gene in the biol ogical sanple. FIG 6 is a flow diagramillustrating steps
for buil dtaTge’aoﬂana\ba&mncéEtréaﬁmemdﬁ:i‘m%y,\/\{réfbrér%é taRyR B2 PReedBinpl P@i cal
sanpl es 410 are collected from animls having specific known condition(s).

Pref er abl ¥¥ntﬁe§fﬂsé8iiﬁ_tda‘?§“él infr?éﬁn%ffgérgﬁll@mf%?@ét. Ofntglin%?geghlﬁélg SPPRLfhR10 are

collected Tfroma variety of nor to establirsh a normal reference

2 vai . |
var Pat  on 2 BREVARRE S ARIRRER ST l1de A o E BY ou PR Sl

seaso breed and, di urnal changes. Nucleic acids are isolated and |abelled
415 from ejﬂﬁg‘feepEPP@,quVf&PHBBO'ﬁ rming respective target nucleic acids. The
| abel I ed target nucleic acids 415 are applied to array 420, which may be

prepared as descri beample rarget 320Tard sefiesgndss targati 325 tarantytigised fvithmat t ed

440 into an electronic form for exanple a digital signal, suitable for WO
02/ 090579aray /38101y 6@p5340.4ArraynB380i may oforvésanplep maveiein prepansd wyr kK 450.
Clinical information from clinical appraisal, in relation to conditions of

O APPSR U572 ey iAo B 1 2

specific hybridisation of targets 320 and 325. It will be appreciated that one
10  skilled in the art could select different stringency conditions of wash 345 as
required. Array 330 is read in an array reader 350 to determine relative
abundance of RNA in the original sample, which correlates with expression of

the corresponding gene in the biological sample.
FIG. 6 is a flow diagram illustrating steps for building a database
15 in accordance with the invention. Biological samples 410 are collected from
animals having specific known condition(s). Preferably, a statistically relevant
number of biological samples 410 are collected from a variety of normal
animals to establish a normal reference range of nucleic acid abundance levels.
This should account for natural variation, including that associated with state of
20 fitness, sex, age, season, breed and diurnal changes. Nucleic acids are
isolated and labelled 415 from sample 410, thereby forming respective target
nucleic acids. The labelled target nucleic acids 415 are applied to array 420,

which may be prepared as described in FIG. 4. The array is read 430 and data

formatted 440 into an electronic form, for example a digital signal, suitable for



in a standard format, and for exanple, variable states such as the |evel of
5 fitness or body score (fatness) nmay be assigned given a value or nunber
(for exawploeostaeen 1-10). Specific clinical conditionspPematse/oegssaded
(for exanple between 1-10) and assigned a uni que and standard identifier.
An exanple of such a systemis currently used in clinical nedicine and
veterinary science and ternmed SNOMVED gr SNOVET ( St andar di sed Nonmencl ature
of 10 Medicine or Veterinary Science), ere a clinical condition can be
described wusing a nunerical system This system has not been used for
descri bi rigansmeissigor vial aceemmunigationst hetvedsk | 426 o€ligicpk irformatiore feommal t o
performto its best. A nunerical grading systemcould also be used to

st andar didieidaheappedibalc timn oelatibn ts usdnditidres, of aninealargfl iateréstnie wpastired) a
treadm || is a strong indicator of 15 exercise tolerance, as is blood

concent r ajdemhéite@ardeorApieBd | thhe BliricANRAMatioR Ry gﬁéTega%gﬂ%l’iécQQé may

i ncl ude di sease, response to drugs, training, nutriti envi ronmnent .

The cli niiﬁ?ﬁ\ gs%t%'@c{i’érg?fgﬁ@%:ﬁgﬁd ifagregéﬁ@)ﬂé edadidi8 GhES! EQH Gl fleMevaf Qs for

exanpl e a suita transmssron via a comunicati ons
net wor.k 0. 20 The proce i s repeated such that a collection, of several
ey 5 dees O PORY FePrs Letnessy ohv bPsiciad i KUEaTTAbREAZE. (1 or
exanpl e, a population nedian of 95% of values for each of the represented
genes andXandpler betgare lab@hdapeeciignclvicalacenditioes. mai be r gfaglednfierr ange
can then be used as a conparison to test sanple results. WO 02/090579

PCT/ AU02/e@hde Hdiwsenl ¢410)aamd aszignedsa amidgud anaastandafd idendifieeadA@r r ay
430 for a target sanple is correlated with previously nmeasured conditions

460 to prexdniisle dfffuehnRisysBnPs BueeMiycussd th emESSHheaRineHRd veidhnpnce or
rel ati ve abundance)
science and termed SNOMED or SNOVET (Standardised Nomenclature of
10 Medicine or Veterinary Science), where a clinical condition can be described
using a numerical system. This system has not been used for describing the
normal condition or the ability of a performance animal to perform to its best. A
numerical grading system could also be used to standardise the collection of
such data, for example, time spent on a treadmill is a strong indicator of
15  exercise tolerance, as is blood concentration of oxygen and ability to transport
oxygen. Conditions may include disease, response to drugs, training, nutrition
and environment. The clinical information 460 is formatted into electronic form
440, for example a digital signal, suitable for transmission via a communications
network 450.
20 The process is repeated such that a collection of several array
readouts for particular conditions are made. A standard range (for example, a
population median of 95%) of values for each of the represented genes and its

relative abundance can be calculated. This reference range can then be used

as a comparison to test sample results.



wi th any previously measured condition. This information is conpiled at
server 5 470 and good data is stored and bad data rejected 480. The

conpi | at iwp 02p0905¢cess i ncl udes coll ection of a | arge enougiRCITaU0000AS r ay
readout information for a particular condition so that inferences can be
drawn on gene expression profiles and conditions. The conpilation 470 may
al so include use of sophisticated pattern recognition and organi sati onal
software and al gorithns 10 (exanpl es @dnmon to the art include al gorithms
such as K neans, Nova and Mann \Witney, Self Organising Maps, principal
conmponent anal ysi s,Nudigieragid rexpagssiomsnfermation frony soreadbirmaki4ld for a

avai l abl e as part of proprietary software packages) such that expression
pat t er ns thiget sanigleris corretataawitbr preekshbt edasorsdi toraditioen46@ to gestidé i ed.
Concurrently, conprehensive clinical 15 information 460 for animals may be

col | ect eqnﬁﬁ‘ﬁ'\ahbﬁ'd?ﬂh@rﬁéicsa%ﬁﬂ)bﬁﬁre@%@ntlé%l%buﬁ&a@éé 8Y fel &t ARindefice§! ati ons

can be nmade between any clinical observation and array data. In this

manner 2 i 2R SFel Bugl SAEES AT HRLN0 RS TufmalbiFebarBRidPYBLEsS on

which may 1'n corr desired conditiron, for exanple

nor mal. an peci fic apnor.mal, condition 3%1 wi th nuc]eic 20 acid.expression.
The <Bor i g Ga6d HAluS sorabeby Bad st feigoted el ooe SotmiSifyor  t hrs
490. Throughout this specification, unless the context requires otherw se,
t he wor dPreeeds infdudesorpliaciies ofriilargaanosiongseti of amry (eaiaUd ifermatiomo

02/ 090579 PCT/ AU02/ 00553 42 inply the inclusion of a stated integer or

group of fonaegmtisulbutconditionhso that linferencesoéarabg dratver om Weagesxpoesgiooup of
integers. In order that the invention nay be readily understood and put

:jgts gri E; gi;l@% ;mfjf eoehditibas!t | CTHa@r camsifRiohe d7omhesy n@ss Sindiude nRY ke

sophisticated pattern recognition and organisational software and algorithms

10 (examples common to the art include algorithms such as K means, Nova and

Mann Whitney, - Self Organising Maps, principal component analysis,

hierarchical clustering — any one of which is available as part of proprietary

software packages) such that expression patterns that differ to normal or

expected condition can be identified. Concurrently, comprehensive clinical

15 information 460 for animals may be collected and biological samples 410 tested

on arrays so that correlations can be made between any clinical observation

and array data. In this manner a database is created comprising data on

nucleic acid expression which may include data correlating any desired

condition, for example normal and specific abnormal condition(s), with nucleic

20 acid expression. The stored data 480 may be accessed using specific
programs and algorithms 490.

Throughout this specification, unless the context requires

otherwise, the words comprise, comprises and comprising will be understood to



5 of the followng non-limting exanples. STEP 1 Biological Sanple

Col I ection A biological sanple conprising nucleic acids, for exanple total
RNA and mRBA2/0des7¢ol | ect ed. The bi ol ogi cal sanpl e may i nclpaiawebdsssof the
10 i mmune system at various stages of devel opnent, differentiation and
activity. The biological sanple in nost instances would be whol e bl ood
collected froma vein of a performance ani nal. However, the biol ogical
sanple may include a fluid and/or ti é€ue, for exanpl e sputum uri ne,

ti ssue biopsies, bronchial or nasal |avages, joint fluid, peritoneal fluid
or thoradmply the inclusiamof & staedtintegsr oo gmupsekintagdrs bot nohibe endlusiosy st em
that have infiltrated such tissues or fluids. Cells present in blood which
conpri se of iy othgr intederds gretipioéintegensat ure and devel opi ng neutrophils,

| ynphocyt es, nonocytes, reticul ocytes, basophils, eosinophils,

macr ophages. All Ofl_ntcb‘r@%?tﬁ-‘aQ'the‘iIWé%%oﬁ'rﬁé’yB@%Q%\} Gndéﬂsﬁﬁéeénd)wge bl ood

origin at various tines in various conditlons. Met hods desc herein

ol 1 oot ec AR osh Hpri R BRIGbd B finknls Wio B8 B8 MG Roo”

of coll ect cells of the, . blood is by veni puncture. The biol ogical sanple
may bé& cdﬁhgg¢@EWWPSﬁP@4V@WBQFﬁQ ‘PCT/ AU02/ 00553 43 perfornmance ani mal ,
for exanple, a horse with suspected lamnitis, a human athlete or canel
wi th osteochondrosis, or a greyhoun®M§RA subclinical cystitis. Blood
sanple Ten m of blood is drawn slowWy (to prevent henolysis) fromthe 5
vei n of dBicdogical Samiplel Gollectioni n a horse and canel, veins on the
forearnm|inb
A biological sample comprising nucleic acids, for example total
RNA and mRNA, is collected. The biological sample may include cells of the
10 immune system at various stages of development, differentiation and activity.
The biological sample in most instances would be whole blood collected from a
vein of a performance animal. However, the biological sample may include a
fluid and/or tissue, for example sputum, urine, tissue biopsies, bronchial or
nasal lavages, joint fluid, peritoneal fluid or thoracic fluid which, in part,

15 comprises cells of the immune system that have infilirated such tissues or
fluids. Cells present in blood which comprise mRNA may include mature,
immature and developing neutrophils, lymphocytes, monocytes, reticulocytes,
basophils, eosinophils, macrophages. All of these cell types also appear in
tissues of non-blood origin at various times in various conditions.

20 Methods described herein may include use of the
abovementioned cell types. The biological sample is collected and prepared

using various methods. For example, an easy method of collecting cells of the

blood is by venipuncture. The biological sample may be collected from a



of humans and dogs) into a 1:16 volune of 4% sodiumcitrate to prevent
clotting and the sanple is mxed and then placed on ice. The sanple is
centrifugwo iansB@O0 RPM at 4C for 15 m nutes and white bl ecd/armkioesss WBC)
(commonly called the "buffy coat") are renoved fromthe interface between
10 plasma and red blood cells (RBC) into a separate tube using a pipette.
The WBCs are then treated with at |east 20 vol unes of 0.8% anmoni um
chloride solution to |yse any cont anfraat | ng RBC and re-centrifuged at 3000
RPM at 4C for 5 mnutes. The pelletted WBCs are then washed in 0.9% sodi um
chl ori de,perfasmaace raiongddior axankdet adorse evithTisaspedted gaminitis,i 3 humean used
directly in RNA 15 extraction. Non-blood biological fluid sanple A fluid
sanpl e, fathletxenpamel #ithiosteochbndeosid)ravrcdieghoand nhadubcliniealoestitis 0i nt
fluid, peritoneal fluid or thoracic fluid, is centrifuged at 3000 RPM at 4
C for 20 gbpYtamgl® col I ect cells. Sanples conprising |arge anpbunts of 20
mucous are treated with a nmucol ytic agent such as dithiothretol prior to

centrifugation. A I ' ' 9 i e, re-
centrif uged and t hgi%cdepﬁedgeqﬁf‘%%# EfSl ?%@%W?&é $§8Ye%p§%29®¥§%g?9%hﬁgﬁ ssue
bi opsy WO 02/ 090579 PCIL/ AU02/ 00553 44 A tissue biogpsy is frozen in dry ice
or T S 0l OF BB At UROWISR YR 1 p PBRIeANd SAE! DS DA e RrSEEBIND he
frozen tissue is then used directly in RNA extraction. STEP 2 5 RNA

| sol at i orPfaldmpngpiichidags) Ale Bsb118t veldme of 4% sodium citrate to prevent

clotting and the sample -is mixed and then placed on ice. The sample is
centrifuged at 3000 RPM at 4°C for 15 minutes and white blood cells (WBC)
(commonly called the “buffy coat”) are removed from the interface between
10 plasma and red blood cells (RBC) into a separate tube using a pipette. The
WBCs are then treated with at least 20 volumes of 0.8% ammonium chloride
solution to lyse any contaminating RBC and re-centrifuged at 3000 RPM at 4°C
for 5 minutes. The pelletted WBCs are then washed in 0.9% sodium chloride,
re-centrifuged, and kept on ice. The cell pellet is then used directly in RNA
15  extraction.

Non-blood biological fluid sample

A fluid sample, for example, sputum, urine, bronchial or nasal
lavages, joint fluid, peritoneal fluid or thoracic fluid, is centrifuged at 3000 RPM
at 4 °C for 20 minutes to collect cells. Samples comprising large amounts of

20 mucous are treated with a mucolytic agent such as dithiothretol prior to
centrifugation. A cell pellet is then washed in 0.9% sodium chloride, re-
centrifuged and the cell pellet is used directly in RNA extraction.

Tissue biopsy




Total RNA and/or nRNA is isolated froma biol ogical sanple. Use of
isolated NnRNA rather than total RNA may provide results with | ess

backgr ourmtOoandoisnpr oved signal. 10 RNA is commonl y i sol at @dTavogkedss ed
persons in the art, and exanples of some nethods for isolating nRNA are
descri bed below. Commercially available kits, for exanple, Q agen RNA and
Direct RNA extraction kits, and RNA eﬁtractl on kits produced by Invitrogen
(formerly Life Technol ogi es) and Ane 4ham Phar naci a Bi ot ech herein
incorporated by 15 reference, nmay be used by follow ng the nmanufacturer's
instructions. Key é\ &agun biapsytia dzenmnalrgice aclineid piroger@nd ¢rushede use
of an appropriate anount of sanple, protection of the sanple from RNAse

cont ami n&bipowderluginga moftat bred pastie e Thedimzerctissumisahed USedrdiregtignii t at i on
and quality checking in an agarose 0.7%gel and using an OD 260/280 rati o.
About 0. %NN&)&@%BH wei ght) of pelleted white blood cells or tissue is
required for each nRNA extraction which will yield about 1-2pg of nmRNA

Di sposabl e gl oves should be worn t out the procedure, with frequent
changes. Both the col um and solution uSed for elution should be at 70C
WO 02/ qugﬁéilP [ AUO2/ 83;3 45 RNA quantification and assessnent of RNA

PP depaLio)

si ze and tign,an Rd gel electrophoresis nethods of running a
snmal | quantlty of an RNA sanple on an agarose gel with known standards,
stai ni ng RNAIgelatign h for exanpl e ethidi um bronide to detect the sanple
and standards and conparing 5 relative intensities and size of standard RNA
and sanpl e RNAs, cdmiarRNérarad/or miRINA e Bokted édonoa Hidlegichbssmpie. BS# bands.
Alternatively, or in addition, RNA concentration in a solution may be
deter m nest RolaeaswiRNG a&per bgage tétal RNA may provide results with less
background and improved signal.
10 RNA is commonly isolated by skilled persons in the art, and
examples of some methaods for isolating mRNA are described below.
Commercially available kits, for example, Qiagen RNA and Direct
RNA extraction kits, and RNA extraction kits produced by Invitrogen (formerly
Life Technologies) and Amersham Pharmacia Biotech herein incorporated by
15 reference, may be used by following the manufacturer's instructions. Key
elements of these mRNA extraction protocols include use of an appropriate
amount of sample, protection of the sample from RNAse contamination, elution
of the sample from a column at 70°C and quantitation and quality checking in
an agarose 0.7% gel and using an OD 260/280 ratio. About 0.2 gm (wet
20 weight) of pelleted white blood cells or tissue is required for each mRNA
extraction which will yield about 1-2ug of mRNA. Disposable gloves should be

worn throughout the procedure, with frequent changes. Both the column and

solution used for elution should be at 70°C.



260/ 280 nmin a spectrophotoneter relative to known standards and

cal cul ated wusing known fornulas. 10 cDNA Synthesis and Label ling RNA

pr epar ed WO odeasre bed above may be synthesised to cDNA amdTiAdbeldssl
resulting in a |l abelled probe using kits pravided by suppliers such as
Anmer sham Pharmaci a Bi otech, Invitrogen, Stratagene or NEN, herein

I ncorporated by reference. For exanple, a typical reaction may conprise: 15
tenpl ate RNA, an oligo-dT prinmer and/ gene-specific primers, reverse
transcriptase enzyne, deoxyribonucleic triphosphates (dNTP), a suitable
buffer, and a | abdRNAngueptiiication antdoassedssasnt ohdRNA size dnNdPgualifych a
reacti on when conbined with a nethod of anplifying the resultant cDNA is
referred iholude dnd&AARydlratectrgehdresis snethptasf-rpohingex ssmllafuaintity efighi on) . A
specific exanple is 20 provided below, but it should be noted that other

met hods ORNANShPR ¢ bAdirosé deeithirdowNotamaBrdie stsfhgaRE dehalitnsiern
net hods are under constant review and inprovenent, for exarnple sone

nmet hods i N ' ' Lyl t

coupl i ng SETPR,HHEICEIAERAICHS dRicts hEPaRME Y st R LIRBEHRY .

| abel I_i n f. the DNA. WD 02/09Q579 PCIT/ 2/ 00553 46 To anneal, priner(s)
o ¢ el JePtHRATtaRSos NS SR Siandastl B0 2t SaPIS AR, GRMAZBR vt ost
sanpl e (Cy3), and reference sanple SAO 5) in separate tubes with 4g of a
regul ar dhedntemsities o thgoikpsasralnBNAcPandsen Altsmativelye oprin mediionn RINA ot al
vol unme of 15 pl (using purified water to nake up 5 the volune). (Regul ar

ol i go dT déancentrafidn T Ta BOILLIBATMEYTbhd Tdetdifiiined ame invesesdiriolgi glosatbance St- TTT
[TT TTT TTT TTT TTT TTV N-3'), (where V=A, C or G and N=A, C, Gor T).

Heat m xt2807280 nddfh & ®pesophdtoitie APativNto Ikfown standards and calculated

using known formulas.
10 cDNA Synthesis and Labelling
RNA prepared as described above may be synthesised to cDNA
and labelled resulting in a labelled probe using kits provided by suppliers such
as Amersham Pharmacia Biotech, Invitrogen, Stratagene or NEN, herein
incorporated by reference. For example, a typical reaction may comprise:
15 template RNA, an oligo-dT primer and/or gene-specific primers, reverse
transcriptase enzyme, deoxyribonucleic triphosphates (dNTP), a suitable buffer,
and a label incorporated into at least one of the dNTPs. Such a reaction when
combined with a method of amplifying the resultant cDNA is referred to as RT-
PCR (reverse transcriptase-polymerase chain reaction). A specific example is
20 provided below, but it should be noted that other methods of incorporation of
label into DNA can be used and that such methods are under constant review
and improvement, for example some methods include the incorporation of
amino-allyl dUTP and subsequent coupling of N-hydroxysuccinate activated

dye to increase the specific labelling of the DNA.



Add 15.0 | of reaction mxture to respective Cy3 and Cy5 reactions. The
reaction m xture conprises of the followng: 6.0 ul of 5X first- 10 strand
buffer, 3wOok/oefs79O. 1 M DTT, 0.6 ul of unlabel ed dNTPs, 3. @CulAwb/oG33 or
Cy5 dUTP (1 mM Anersham), 2.0 ul of Superscript Il (Reverse transcriptase
200 UL, Life Technologies) made to 15 | with pure water. Unl abelled dNTPs
are sourced froma stock solution consisting of 25nM dATP, 25 nM dCTP, 25
mM dGTP, 10 mM dTTP. 5X first-strand B8 fer consists of 250 nmM Tris-HCL 15
(pH 8.3), 375mM KCI, 15mM Mgd 2). The m xture is incubated at 42C for 1 hr.
Add an additional 1T¢ aoheakpameg(s) tartsomplateaRNAL onizaziig ©AmpRBA bnd&lbat e f or
an additional 0.5-1 hrs. Degrade the RNA and stop the reaction by adding

151 of  O1dp N@@ﬂ’RﬂmWr%RT%gS@cﬂv@Ct&@ts%n%Ieﬁ@ 732%5 rreﬁe@er%é"'sah{ﬁéta”'ng

with total , degradethe NA for 30 m 10 mn ralize
the 20 re |on 151..of 0.1 N HCl . Add 38041 OI EE( 10mMM Tris, 1
v EDTA) (4Y5) WL GrART 4 NPOYIRDSF @NChOsholigREs Aimer or

PCT/ AU02/ 00553 47 Next add 601 of Cy5 probe and 60l of Cy3 probe to the
sane mi cgerspspedinprimengy i @ hetatedlume 6fotd ik @simigpuriftediwatzd @o xnake Henove
fl ow through and add 450 | TE and centrifuge for 7-8 mn. at 14,000 x g

(washisng thet eslimdye MReguloli QplghsaydrBﬂdT#ISOTtTl?(TTETT?OTmTOtTT
speci es- speci f| c Cot t DNA (20ug/ul, Life Technol ogies for human -

Cot t
DNA i's geiuy c?Ht\ﬂ tJ’rakaétaﬁnbﬁﬂ fﬁ“"t"t‘#“ FHTPFT WN@M f clf“?/‘lAt at the

concentratlon and the re-annealin ied’equal s 1.

o ul % s DA o050 Tedinrag ey oG Rt gt msRodlon foet ™0

#15401- 011) Oentrlfuge 7-10 10 m n. at 14, 000 XC? The probe needs to be
concentr %@1 8¢ afrsactien mixtyee to respective Cy3 and Cy5 reactions.

The reaction mixture comprises of the following: 6.0 ul of 5X first-

10  strand buffer, 3.0 pl of 0.1M DTT, 0.6 ul of unlabeled dNTPs, 3.0 ul of Cy3 or
Cy5 dUTP (1 mM, Amersham), 2.0 ul of Superscript |l (Reverse transcriptase

200 U/uL, Life Technologies) made to 15 pl with pure water. Unlabelled dNTPs

are sourced from a stock solution consisting of 25mM dATP, 25 mM dCTP, 25

mM dGTP, 10 mM dTTP. 5X first-strand buffer consists of 250 mM Tris-HCL

15 (pH 8.3), 375mM KCI, 15mM MgCl,). The mixture is incubated at 42°C for 1 hr.
Add an additional 1 pl of reverse transcriptase to each sample. Incubate for an
additional 0.5-1 hrs. Degrade the RNA and stop the reaction by adding 15ul of

0.1N NaOH, 2mM EDTA and incubate at 65-70°C for 10 min. If starting with

total RNA, degrade the RNA for 30 min instead of 10 min. Neutralize the

20 reaction by adding 15ul of 0.1N HCI. Add 380pl of TE (10mM Tris, 1mM EDTA)

to a Microcon YM-30 column (Millipore).



addition of other solutions required for hybridisation the volunme is not
excessive, or is suitable for use with a desired slide and cover slip size.
I nvert twe oziogesezon into a clean tube and centrifuge bri eCinawe/0ds43 000 RPM
to recover the probe. 15 A nucleic acid nay be | abelled with one or nore

| abel ling noieties for detection of hybridised | abelled nucleic acid (ie.
probe) and target nucleic acid conplexes. Labelling noieties may include
conpositions that can be detected by4Zpectroscopic, phot ochemi cal ,

bi ochem cal , i mmunochem cal, optical or chem cal nmeans. Labelling noieties
may include radi oi MNexipek] 66ulcbf 295gsoBaRnd38Buloof 8§S, probertolthei samse ent
conmpounds, |abelled binding proteins, heavy netal atoms, spectroscopic

markers, milkebcdH fdémrmg@eme ERLKRY forang ity es 1478006k it Rabsdve fibivoked
enzynes, and the like referred fluorescent WO 02/090579 PCI/ AUO2/ 00553

phar o £ TESCAAE S HRLPY BEcend ShaffARGR 2 ThkEa 3408k TR e

Af fymetrix sglstem uses RNA as substrate and generates 5 biotin |abelled
cRNA t hr diigh)- aResqvssTlow-thewghi @t addt4i0 pd1XnTk, 20 egoelspeciesbpedifie from
their website (affynetrix.con), incorporated herein by reference. The cRNA

i's fragnedstddDNA (R0ugtul pife Teahhologieatior humaar + @ot1 DR iS geAdmiy DN One
feature of the invention is an array conprising nucleic acids representing

expr esseolhgfen§§ BdeMiRbiuFed %‘H\@ldré Qnﬁ’éé?@&' éafchathe?rtﬁ@ cgﬁeéﬁtrat@an BRle f O
exanpl e a horse, human, canel or dog. The nucleic aci may be
DNA and the time of re-annealing multiplied equals 1. Methods for making
Cot1 DNA are common in the art), 20ug polyA RNA (10 pg/ul, Sigma, #P9403)
and 20 pg tRNA (10 pg/ul, Life Technologies, #15401-011). Centrifuge 7-10
10 min. at 14,000 x g. The probe needs to be concentrated such that with the
addition of other solutions required for hybridisation the volume is not
excessive, or is suitable for use with a desired slide and cover slip size. Invert

the microcon into a clean tube and centrifuge briefly at 14,000 RPM to recover

the probe.

15 A nucleic acid may be labelled with one or more labelling moieties
for detection of hybridised labelled nucleic acid (ie. probe) and target nucleic
acid complexes. Labelling moieties may include compositions that can be
detected by spectroscopic, photochemical, biochemical, immunochemical,
optical or chemical means. lLabelling moieties may include radioisotopes, such

20 as *?P, 3P or %3, chemiluminescent compounds, labelled binding proteins,
heavy metal atoms, spectroscopic markers, such as fluorescent markers and

dyes, magnetic labels, linked enzymes, and the like. Preferred fluorescent



of any length, for exanple a pol ynucl eotide or oligonucleotide as defined
herein. 15 Each nucleic acid occupies a known |ocation on an array. A
nucl ei c awopd2pgrsget sanpl e probe is hybridised with the aPcauwb/oeisgl ei c
acids and an anmount or relative abundance of target nucleic acid
hybridi sed to each probe in the array is determ ned. H gh-density arrays
are useful for nonitoring gene expression and 20 presence of allelic

mar kers whi ch may be associated with #Bsease. Fabrication and use of hi gh
density arrays in nonitoring gene expression have been previously

descri bednafksirs eingliydee Cy3 Wangd7/CyB36%r \aRagmid 0esailahiel (¥Sm PAmenshaxo.
5,677,195, all incorporated herein by reference. In sonme enbodinents,

hi gh- densiPharndig Bintetie ¢as decrdisedhsisovas)e synt hesi sed usi ng WO 02/ 090579
PCT/ AU02/ 00553 49 met hods such as the Very Large Scal e | nmobilised Pol ymer

Synt hesi scRNALsyHthbsiteardiIdsalling US Patent No. 5,445,934, incorporated
herein by reference. Arrays for human are commercially available from

conpanies 5 such ag,| Wﬁ}n?etrige%?%rﬁhugggﬁﬁﬁsasaé’lﬂ)%ﬁragg %%J irqége"étgg'

Bi osci ence recently announce hcoming rel ease 0 roarray and
have cl.an o|llecti of, dog cDNAs, These arrays, typically conprise
ot wedn_ 21660 Bhefiah oA ufidh ceesties' oh preio datiied ok Saeco
avail able for the horse or canmel. Sone of these genes are in nultiple
copi es or@Maiablg fray thelr welesiten@ffypatrix.com)uincorppratedaierginby gefeeence. t r ue
gene identity. Additionally, it is not known whether DNA on the array,
when hybrThe sRNA is feagnesnted o éo appkeationaaitd yhdarmdg. to a singl e gene.
This latter instance results fromsplice variants of RNA
STEP 3

Arrays

10 One feature of the invention is an array comprising nucleic acids
representing expressed genes from cells found in blood of a performance
animal, for example a horse, human, camel or dog. The nucleic acids may be
of any length, for example a polynucleotide or oligonucleotide as defined
herein.

15 Each nucleic acid occupies a known location on an array. A
nucleic acid target sample probe is hybridised with the array of nucleic acids
and an amount or relative abundance of target nucleic acid hybridised to each
probe in the array is determined.

High-density arrays are useful for monitoring gene expression and

20 presence of allelic markers which may be associated with disease. Fabrication
and use of high density arrays in monitoring gene expression have been
previously described, for example in WO 97/10365, WO 92/10588 and US

Patent No. 5,677,195, all incorporated herein by reference. In some

embodiments, high-density oligonucleotide arrays are synthesised using



transcripts in tissues such that one gene may encode nultiple transcripts.
Human and dog arrays (when avail able) can be used in nethods 15 descri bed
her ei n. Hy@®MP057¢ hese arrays are currently non-specific aad/Auvehesse genes
that are not expressed in blood cells of aninmals, and/or do not contain
genes inportant in controlling the function of blood cells, and/or contain
regions of genes that are not specific to blood cells. C ones containing
speci fic genes are avail able and can 20 purchased for human (nouse and
dog) for use on arrays (for exanple fromthe |MAGE consortiumor Lion

Bi osci end@pthadswesueh, apt thes Very pesgs bbealeolropohiliseds Petymer: Syrdhesisf or use
on a bl ood-specific array w thout prior know edge of what genes are

expr essedMUBIBSyodesaribes. iMhdS| MatEntc dlos 05,4461834, sincdrnesaiedt hegeiar byt ee
that the gene of interest is contained in the clone purchased. WO 02/ 090579
PCT/ AU02/ (@@5aRce 50 Array Construction Because of difficulties, problens
and a likelihood of wasting financial resources to obtain a bl ood-specific

DNA array, 2 et hodulyPaN ififflan heeLAmII BRI AAIBR, (M andarias'

effective generation species and trssue rray
assessing nucleic acid expression.in a | e.  FI 3..Shows steps,for
const Ducc Ui af 168, ReRSRiRE" BiebBtiptrein AIMBLI: N L A PeRtGRaMuL | on
Bi ol ogi cal sanples are collected as described above. Sanpl es congrising
cel | s expreyginggdferthepipingeietensss ofi heley ayeroarrayanst have aslawnepliscsans) 10
of a performance aninmal are collected. For exanple, a sanple conprising a
m xt ure off dogloNAs. bTloesk aetdys tiypicallpaohprisenbetveasam@lG00nvahd thAAOt i ons
such as, osteochondrosis, lamnitis, tendon soreness, bursitis, abcesses,
genes and are species specific. None are available for the horse or camel.
Some of these genes are in multiple copies on the array and have not been
10 fully annotated or given a true gene identity. Additionally, it is not known
whether DNA on the array, when hybridised to a test sample, specifically binds
to a single gene. This latter instance results from splice variants of RNA
transcripts in tissues such that one gene may encode multiple transcripts.
Human and dog arrays (when available) can be used in methods
15 described herein. However, these arrays are currently non-specific and include
genes that are not expressed in blood cells of animals, and/or do not contain
genes important in controlling the function of blood cells, and/or contain regions
of genes that are not specific to blood cells.
Clones containing specific genes are available and can be
20 purchased for human (mouse and dog) for use on arrays (for example from the
IMAGE consortium or Lion Bioscience). However, it is not possible to obtain
specific clones for use on a blood-specific array without prior knowledge of what

genes are expressed in blood cells. The IMAGE consortium also does not

guarantee that the gene of interest is contained in the clone purchased.



inflammation, allergy, viral infection, parasite infection, asthm, etc.
Approximately 5 g of mMRNA is isolated fromthe biological 15 sanple

(typi cal Iwob2gmsaet wei ght) using nmRNA isolation kits or ®Phe/Ai0eness|
descri bed above. Concurrently, 5 g of mMRNA is isolated fromunbilical cord
bl ood, and/or early stage foetus. Cells and tissues contained within these
sources woul d express genes that may not be expressed in the cells
extracted from blood in the above ex | e. Isolation of cytoplasm c nRNA
fromcells is 20 preferred. This step involves rupturing the cells with a
sol uti on Av@ayréensiguctiener gent and/ or chaotropi c agent and salt such that
cell nuclei and the nuclear mnenbrane remain intact. The cell nuclei are

pel | eted by centri fBgeeusen oandiffidottiess yreblemisirdnd s Uiketihdet ofRNAsting
extraction. Protocols for this procedure are available as part of nRNA

i sol at i orfildricfal reSo@¥¢as tetaiRya BlodgespecifithBRA M\‘Pa%?é PROPEY ISBTONYEF/ 00553
51 nRNAs I

may be used to construct c ibraries. Kits for the construction

of CcDNA (i i : Llab i Lnel udi ng. St e and
i ¢ rogar Bao VLR BRERE abRR Y doR BRI B BB o RreieS AR 000
The Ii5br ar cﬂ‘r eﬁ&r ablg shoul d be. constructed such that the OLqi e fcgt on of
the 52cDNPaTIG RAVBEESS TsaSSe50R0 THREIC AR RRRESSENIR 4 8emals nGi®1 3 go T,
the vector is capable of receiving a nucleic acid insert up to 10 kb and
that pursiiavwsastess for CoSirusting #p &Tayin angeribgdsneithg i s possi bl e and easy.
By follow ng the manufacturer's instructions and paying particul ar

at t ent i onTarget MucleicoAcid/Prdpartidnused and t he size fractionation of cDNA
(greater than 0.7 kb), 10 a quality library containing enough viruses

o coon's T o IO SpPokas o0 P casohoaerec sagges o

comprising cells expressing as many genes of interest in relation to condition(s)

10  of a performance animal are collected. For example, a sample comprising a

mixture of nucleated blood cells from performance animals with conditions such

as, osteochondrosis, laminitis, tendon soreness, bursitis, abcesses,
inflammation, allergy, viral infection, parasite infection, asthma, etc.

Approximately 5 pg of mRNA is isolated from the biological

15  sample (typically 1 gm wet weight) using mRNA isolation kits or the protocol

described above. Concurrently, 5 ng of mRNA is isolated from umbilical cord

blood, and/or early stage foetus. Cells and tissues contained within these

sources would express genes that may not be expressed in the cells extracted

from blood in the above example. Isolation of cytoplasmic mRNA from cells is

20 preferred. This step involves rupturing the cells with a solution comprising

detergent and/or chaotropic agent and salt such that cell nuclei and the nuclear

membrane remain intact. The cell nuclei are pelleted by centrifugation and the

supernatant is used for mRNA extraction. Protocols for this procedure are

available as part of mRNA isolation kits (eg available by Qiagen). These



using protocols that are well established in the art and are available, for
exanpl e, from Applied Biosystens. Briefly, a mx of 0.5 .ig of plasm d DNA,
3.2 15 prwb oefo9s7pri mer that hybridises to the vector DNAPCEQAUIRB0S521, or
ML3 reverse prinmer), thernostable DNA pol ynerase, dNTP and | abel |l ed dNTP
is subjected to a routine PCR procedure to generate fragnments of DNA that
can be separated by gel electrophoresis and using machi nery such as that
avai l able from Applied Bi osystens (e§1a 3700 DNA sequencer). Generated DNA
20 sequence data (chromatogran) is assessed and quality scores and bi nning
of si m InMRNAsqmeaydess used dormenstruaigc@NAolitpaties. dfitsgforrthe aokatrectiarcbf as

Phr ed/ Phrap/ Consed. The raw DNA sequence data can then be | oaded into a

dat abase ol¢A elibrimesntzge (avaldise i @om ocorhpaniesdireineding aiStiea ,argdich ~ as
quality score, bin, length of poly A sequence (should there be one), BLAST

WO 02/ quﬁfiggé’éﬁggﬁtq%%ﬁﬁ&R@%ﬁﬁ%ﬁﬁhé% qigg%rga&;]t%(@?ﬁﬁioﬁq@# 480}

Genbank, other entries In Subj ective factors
i nfluenci | gl i d S . ' de
qual i 1y it EBEHY Soaforltf' S e st e SyoH SR Mo b B Hior e
with jpdentif|ed nucleic acids, evjdepce poly-A tail (indicative of a
't ansPat GONAGR<BR BE5t0r i kaaumedadiole rER SontioReclting iPchpiied t o
bot h Genbank and an in-house database of clone sequence?. Nucl ei ¢ aci d
priners ogstaieisseppabledofliseerjvingpaonuelaicsaeil iserr upeto F0akhi aawitbali a t he
I nternet (wwwgenone.w . mt.edu/cgi- 10 bin/primer/primer3). The sel ected
primers mayifibatiosed DNA soidblé yiondDNAnsejuEncingads poséibie axdnpasy. byBWPCR, or
directly applied to an array. Uniqueness of a nucleic acid can be tested
by perf orfgliid\gingdflet manRafackreSd isRAICEBAS &M paying particular attention to the
quality of mRNA used and the size fractionation of cDNA (greater than 0.7 kb),
10 a quality library containing enough viruses (>1x10°) with insert sizes >0.7 kb
can be generated.
Plasmids generated from such a library can be DNA sequenced
using protocols that are well established in the art and are available, for
example, from Applied Biosystems. Briefly, a mix of 0.5 ug of plasmid DNA, 3.2
15  pmol of a primer that hybridises to the vector DNA (eg M13 —21, or M13 reverse
primer), thermostable DNA polymerase, dNTP and labelled dNTP is subjected
to a routine PCR procedure to generate fragments of DNA that can be
separated by gel electrophoresis and using machinery such as that available
from Applied Biosystems (eg a 3700 DNA sequencer). Generated DNA
20 sequence data (chromatogram) is assessed and quality scores and binning of
similar sequences is done using a computer program package such as
Phred/Phrap/Consed. The raw DNA sequence data can then be loaded into a

database where comments (annotation) on the sequence can be made, such

as quality score, bin, length of poly A sequence (should there be one), BLAST



Genbank and an i n-house database. Priners are preferably designed such that
nmelting tenperatures are simlar, and anplification products are of a
simlar Momaodsic acid | ength. Prinmers for PCR are gener Cmatveneisen 18
and 25 nucleotide bases long. Priners for direct use on a mcroarray or
device are preferably between 50 and 80 nucl eotide bases |ong. Both the
anplification product and the single BI’I mer shoul d hybridise to DNA that
uniquely identifies a gene transcri p Speci fi c prograns using various
formul as are available for 20 calculating the nelting tenperature of
various |seagethsesifltsDlighies medegy 3. Genbards, nelone ddentity ebther eantiliden in
sequences can be provided to Affynetrix for production of a proprietary
and cust dperiardky. The sequences generated in- house are provided to
Affymetrix in Fasta format along with details of which WO 02/ 090579

PCT/ AU02/ 00553 53 qiaidativel fdckSrsSRAYERSAg tv@hé’tﬁeH%eﬂuEl‘éfc bR GRAREAsE on of a

probe set (11 probes, ° each 25 nucleotlde bases I ong) for each gene

repr esent t C S t

exi st ng FheaBacdf F57 dnugh S EIHL R EORRES, ﬁf*hé’ @%25?%5% # ovi ded
namne, su SSIOH , ressiqQ chemi

cl ust 8r ér%’ibﬁﬁéﬁ% % 0095/06‘-}9(5‘%%'@ 'Bgf‘ﬁffﬂf%fp'gﬂe@ra% Sl"let}{' FNG%P R/a'équﬁlpressed
nucleic acid. 1In addition, a nucleic acid fragment may be used as a probe
to isol at(tdicativel of | iranslaied | Earsciptld whauenarsy obribedd segeercavdaih |
associated wwth a particular disease or condition. Further, |dent|f|ed

nucl ei ¢ dcopansd/ tdkotrs@anbanklénd anlir&heuberdataigasesoﬁdMeeéquénuelsMsi ve of
orthol ogues from other species. An identified nucleic acid nmay also be

cloned into a sui t@%cﬁeléxﬁlﬁ%ﬁ‘lrﬁé‘rsV@&ﬁ Ye é@lec@oodé'mg élrbrééi@n@%ij%ﬂ as
pol ypeptide in vitro, which may be used, for exanple an antigen in

gener ati ng;agt | bedi gyailef ONid!SeHa" ARRALY W%enyf‘r‘?e wi.mit.edu/cgi-

10  bin/primer/primer3). The selected primers may be used for amplifying a nucleic
acid, for example by PCR, or directly applied to an array. Uniqueness of a
nucleic acid can be tested by ‘performing additional BLAST searches on
Genbank and an in-house database. Primers are preferably designed such that
melting temperatures are similar, and amplification products are of a similar

15 nucleic acid length. Primers for PCR are generally between 18 and 25
nucleotide bases long. Primers for direct use on a microarray or device are
preferably between 50 and 80 nucleotide bases long. Both the amplification
product and the single primer should hybridise to DNA that uniquely identifies a
gene transcript. Specific programs using various formulas are available for

20 calculating the melting temperature of various lengths of DNA (eg Primer 3).
Alternatively, selected DNA sequences can be provided to Affymetrix for
production of a proprietary and custom array. The sequences generated in-

house are provided to Affymetrix in Fasta format along with details of which



anti bodi es may be used for devel opi ng specific diagnostic assays or
therapies, 15 for three-dinensional protein structure such as X-ray

cryst al | oyoaplds7st udi es, or for therapeutic devel opnent PCAATARNOEF3 may
conprise any nunber of different nucleic acids, but typically conprises
greater than about 100, preferably greater than about 1,000, nore
preferably greater than about 5,000 different nucleic acids. An array nay
20 conprise nore than 1, 000, 000 di ff ePént nucl ei ¢ acids. Each nucleic acid
is preferably represented nore than once for scanning internal comparison
and contpasts. offthef saqusinge tore nsed &rdhageatneratian pt avirded seh(thnafdbes,
quantities and are gene-specific and/or species-specific usually between

50 and 6QG&ch2d eatledtide bbseglongy) fargeth genereppbsehted ppahe .ardf. 02/ 090579
PCT/ AU02/ 00553 54 The Affynetrix system uses 11 probes per gene, each of

25 nucl eoti des, t hgjcl@btRidUsdducticbs aps AkoHRIaREd 2 wiOt ] | hegraPhi ¢
met hod (US Patent Nos. 6,309, 331; 6,168, 948; 5, 856,174; 5,599, 695;

6
o, 346, 41 9P {of Frarte GedBen i feigifn, % nrobiofleh (PR ol o,

bound_to m crospheres, or_.in solution. A typical array may hav surface
area Bf IUSSUC EARPTASIND  HBINGexAnpPPrgssigi ey QFEQ’S}‘.‘C% rﬂ?@l“é@% é‘g'i‘%eﬁan be
attached to a solid support via chem cal bonding. Furthernore, the nucleic
aci d doedn@isbersdiie and pessibledbneijormeieriiWar roleot ar exprasged mystsie acigut

rat her can be bound to the solid support through a |inker group. The |inker
groups mdy duitafn, saihickeie atid faginient cmgyr be iusedeapaspobet o isbiate at fulle hed
nucl ei ¢ acid. Linker groups may include ethylene glycol oligomners,

ghf;ﬂéggs,Ie@@thchdéleﬁlﬁ@cwQvHiéernaﬁQmébUéeaggéWé)SNmehtibea%dﬁeéunﬁlﬁ)ré

particular disease or condition. Further, identified nucleic acids may be used to

10 isolate homologues thereof, inclusive of orthologues from other species. An

identified nucleic acid may also be cloned into a suitable expression vector to

produce an expressed polypeptide in vitro, which may be used, for example as

an antigen in generating antibodies and for use on protein arrays. The

antibodies may be used for developing specific diagnostic assays or therap;ies,

16  for three-dimensional protein structure such as X-ray crystallographic studies,
or for therapeutic development.

An array may comprise any number of different nucleic acids, but

typically comprises greater than about 100, preferably greater than about 1,000,

more preferably greater than about 5,000 different nucleic acids. An array may

20 comprise more than 1,000,000 different nucleic acids. Each nucleic acid is

preferably represented more than once for scanning internal comparison and

control. Preferably, the nucleic acids are provided in small quantities and are

gene-specific and/or species-specific usually between 50 and 600 nucleotides

long, arranged on a solid support.



may react with one of the termnal portions of the linker to bind the

| inker to the 15 solid support. Another termnal portion of the linker is

t hen funcwoonapissed for binding the nucleic acid. A soli@CTwaponesssay be
any suitable rigid or sem-rigid support, including charged nylon or
nitrocel lul ose, chemcally treated glass slides available from conpanies
such as NEN, Corning, S&S, arrays available through Affynetrix, nmenbranes,
filters, chips, slides, wafers, fibers" magneti c or 20 nonnagneti c beads,
gels, tubing, plates, polyners, mcroparticles and capillaries. The solid
support can have a Mg iAftynelfix ssysterveuses sl psofegs @sr gend, seach @ficles,

pi ns, channels and pores, to which the nucleic acids are bound.

Pr ef er ablnuclédtielesolthat arepnalt bntc trepairaalulsing a phsisitiesdrapMie rB2thel0Gi®

PCT/ AU02/ 00553 55 The array may be constructed using an "arrayi ng nmachi ne”

manuf act ysgenb)ogO 9[83391;fe?rﬁefg@gr;m,%é{qWﬁgslw&@m%%ww%ema

M crosystens, Hitachi, Biorobotics, Amersham rning. Alternatively, the

ar 2y Ty beo saubasesr! @550195n 318 ARPAN] Bdd AN oheRTBLyged bY

the 5 user metrix.” 3dour’ce hateri i he clu
mcrotitre plates onpr|,sing. hucl eic acids representative of unique genes,
or *sefuerBaY berito o heasolil Sipasf efrBRURGty TEBTARPhEEES. @5 SRRe,

plasm d DNA conprising nucleic acids specific for a gepe sequence, an

anpl i fi ed pypigakarraysnay ppieeaspuatace aresr ohdesss et fli empr fofegx@mple @ enpl at e
DNA or RNA, or a 10 synthesised specific oligonucleotide or polynucleotide.

Array el emendaragay be purified, for exanple, using Sephacryl-400 (Anersham
Pharmaci a Bi otech, Piscataway, N.J.), Q agen PCR cl eanup colums, or high

e ey b PGS Sl pcaoraon sy st or
bonding. Furthermore, the nucleic acid does not have to be directly bound to
10  the solid support, but rather can be bound to the solid support through a linker
group. The linker groups may be of sufficient length to provide exposure to the
attached nucleic acid. | Linker groups may include ethylene glycol oligomers,
diamines, diacids and the like. Reactive groups on the solid support surface
may react with one of the terminal portions of the linker to bind the linker to the
15 solid support. Another terminal portion of the linker is then functionalised for
binding the nucleic acid. A solid support may be any suitable rigid or semi-rigid
support, including charged nylon or nitrocellulose, chemically treated glass
slides available from companies such as NEN, Corning, S&S, arrays available
through Affymetrix, membranes, filters, chips, slides, wafers, fibers, magnetic or
20 nonmagnetic beads, gels, tubing, plates, polymers, microparticles and
capillaries. The solid support can have a variety of surface forms, such as

wells, trenches, pins, channels and pores, to which the nucleic acids are bound.

Preferably, the solid support is optically transparent.



15 substrate using a procedure described in U S. Pat. No. 5,807,522,

i ncorporated herein by reference. By other exanple, DNA for use on Corning
am no- si lap@2/0052¢ ed slides (CMI- GAPSTM i s re-suspended POTANBIWIH a
concentration of 0.15-0.5 .tg/l and then used directly in an arraying
machine in 96 or 384-well plates. 20 An exanple for preparing an array

el enment is provided by the nanganese superoxi de di snutase gene. A clone
conprising a nucleic acid insert is éﬁepared and isol ated as descri bed
above. The clone is sequenced to identify the nucleotide sequence. A BLAST
search using the ideém idrrayd maycbeoconiirustepieusiegi an pérfayimgednachidet er mi ne
honol ogy of the cloned nucleic WO 02/090579 PCT/ AU02/ 00553 56 acid with

nucl ei ¢ anadsfacturad ddlyalestparfies foxarrbmplenBrRNGulddeDyndries! | GBnefic
nucl eoti de sequence honol ogy with superoxi de di snutase genes stored in the

dat abase WjcRydydesma, IHRhi, OBidtoRSticde & Pickdidim ! h?orﬁ#gggg ARIRATRLLVEY, e | east

in part a gene for superoxide disnutase for the . Unique priners can
be 5 desi ' | el ' [ R he ¢ e or
genom o B T B A e 28 el o ¥pkbRe e PR M o
product can be directly_ attached t n array and thereby act as a target
for a codﬁeérjr%rﬁfg)ﬁ'?et”%ab%wr@@ rﬂﬁtﬂ”@rs’c%ééﬁ@ @@eﬁ@ei iRclude %&Qt't%ﬂleﬁ%ﬁ’f erence
sanples. Alternati veléz a unique sequence can be determ ned and an

ol i ognucl|eeFprEENgranutier wralds arapragerpative i eld Yrigueli peses,usy Sequenegray, or

t he sequence information supplied directly to Affynmetrix for the

const r uctinfonmation. cust amayr elgmerfthenayr caynpreg, domuXaseploe @idsnvid BINA
positive control sanples (preferably as duplicates or triplicates) such as

Qgﬁlt rei)fs @ﬁi%@{ﬁéﬁg@ﬁ L%weﬁ gbééiﬁé 96t af Gone 3cTRBRES, BRI AHpifRE Bbdueegat i ve
using gene-specific or non-specific primers and template DNA or RNA, or a
10  synthesised specific oligonucleotide or polynucleotide. Array elements may be
purified, for example, using Sephacryl-400 (Amersham Pharmacia Biotech,
Piscataway, N.J.), Qiagen PCR cleanup columns, or high performance liquid
chromotography (for oligonucleotides).
Purified array elements may be applied to a coated glass
15  substrate using a procedure described in U.S. Pat. No. 5,807,522, incorporated
herein by reference. By other example, DNA for use on Corning amino-silane
coated slides (CMT-GAPS™) is re-suspended in 3xSSC to a concentration of
0.15-0.5 ug/ul and then used directly in an arraying machine in 96 or 384-well
plates.
20 An example for preparing an array element is provided by the
manganese superoxide dismutase gene. A clone comprising a nucleic acid
insert is prepared and isolated as described above. The clone is sequenced to

identify the nucleotide sequence. A BLAST search using the identified

nucleotide sequence is performed to determine homology of the cloned nucleic



15 acids (representative of RNAs and both ends of RNA nol ecul es) that are
found in all tissues as a constant and known quantity (positive controls).
These cowDrelsze e i dentified and used by the array read@®CTiAUpoO@s3 de dat a
on true signal (ie. Specific hybridisation between probe and target) and
noi se (ie. Non- specific hybridisation between probe and target) and
average intensity from20 nultiple reads of several different |ocations for
each nucleic acid attached to the |5§y A test sanple and a reference
sanpl e may be sinultaneously assayed on the array. The reference sanple
may conpradié wittNau¢letsnacidslin isptiatabace ctes, exautiet GanBanist |dentiicstiamloj al | of
the nucleic acids on the array WO 02/ 090579 PCT/ AU02/ 00553 57 are

r epr esentmgtlédtidensediesticeslasmbegyanith eapefidésddmutasdrgenes sjoregddaheas a
non-zero standard and for conparison with an average of the read-outs from

the test sapPhse M&é@é 4R bﬂ&@ﬁﬁaé%eftﬁét %Cao.g@egrggmséé%t Ridsfin &R be

cal cul ated. 5 The rel ative abundance expr essi on each gene 1h a sanple
can al so I I as.gcerfain
genes ex%r G %‘Jég{#@%édgd'%ﬁﬂ*is%oﬁ%%ﬁ? Tutdy Sidie tidsngeliahe.
Al ter [ e Affynmetr| an, abso| u vel of
expr eBo1 dipsidriachfo. AMABEARMARE Ghid waNG: TR, At e BloecANGn &r S8PBYe mat ch
10 and m smatch h br|d| sation for each of the 11 probes for each gene.
Usi ng suddNA fiemcieessaimgeecies acartemplaieprRéidfind amplification piedughcamsol ut e
nmeasure of intensity is given along with a p value. The interpreted array
may hi ghlbeydirecthy sttacheeMioganasay batl tereby sach at antargdtifgr dicbfglemeniamy
expressi on between a test and reference sanple.
labelled nucleic acid probe in the test and reference samples. Alternatively, a
unique sequence can be determined and an oliognucleotide manufactured and
10  purified for direct use on an array, or the sequence information supplied directly
to Affymetrix for the construction of a custom array.
The array may comprise negative and positive control samples
(preferably as duplicates or ftriplicates) such as nucleic acids from species
different from a sample being tested (negative controls) and various nucleic
15 acids (representative of RNAs and both ends of RNA molecules) that are found
in all tissues as a constant and known quantity (positive controls). These
controls are identified and used by the array reader to provide data on true
signal (ie. Specific hybridisation between probe and target) and noise (ie. Non-
specific hybridisation between probe and target) and average intensity from
20 multiple reads of several different locations for each nucleic acid attached to the
array.
A test sample and a reference sample may be simultaneously

assayed on the array. The reference sample may comprises mRNA from

multiple sources, such that most, preferably all of the nucleic acids on the array



15 Alternatively, the overall pattern of expression may provide a
"fingerprint" to characterise the way in which the original cells have
respondeawomadgpag ti cul ar condition of a performance ani mar/AusonoBdxanpl e,
the gene for superoxide disnutase may be the only gene up-regulated in a
particular condition, especially in conditions of inflammation, or a |arge
nunber of genes may be up 20 and down-__regulated in various conditions. It
is this fingerprint, rather than spe@i7fi ¢ know edge of gene sequence or
function that can be used as a marker for various conditions. It would be
expect ed aredepresagéedin thestessd saswiled ard cande ypedibysthpaarrayeraades asnzl ude
performance ani mal s such as humans, horse, dog and canel. WO 02/090579
PCT/ AU02/rid65&0 Siandhed andaogenmparisbnrwith @eincavarade afrtheheadroudy fromy be
periodically changed and these arrays are then assigned a particular batch
code whi qhe &Rf r@ﬁ@@ds A FeRitigBemitdrsityafdrad¥adie Niries bAgte TRl thl Heicl ei ¢
aci d arrangenent. he ability to change the arrangenent of nucleic acids
on the arg, 5 knowl edge of the exact arrangenent may prevent other
peopl e fromgenerating a database using the arrays produced by the present
inven;r;i on. Using a .cod% al,.so enabl es tracktna of manuf actur?rs of

H gt

at ¢
the aPrays in regard® {galiYfe abHOdAGe OF SXPIasFion,p R@enenB §3PEIP'R ode

further enables validation of a user of the communication network or

"i nt er netcandaigne Galculried dtsing gosiaisewithinotheagicay.coirdh aaresipiboeaentify a
particul ar type of array used, should nore disease-specific arrays be

desi gned expressacliha tisswedat shnorestanplesebfindenallasoraiiticns. nay be prepared and
anal ysed is described in Eisen and Brown (Methods in Enzynol ogy, 1999, 303

(1; ?u)ot Zpdziznof US Patmdrblivelp, ddifglihe ARGRRIUMX iSYSRINOBAL Skdivter RivEr ence.

expression is calculated based on the difference between the perfect match
10 and mismatch hybridisation for each of the 11 probes for each gene. Using
such a process a gene is scored as present or absent and an absolute measure

of intensity is given along with a p value.
The interpreted array may highlight only a few genes that are
substantially different in expression between a test and reference sample.
15 Alternatively, the overall pattern of expression may provide a “fingerprint” to
characterise the way in which the original cells have responded to a particular
condition of a performance animal. For example, the gene for superoxide
dismutase may be the only gene up-regulated in a particular condition,
especially in conditions of inflammation, or a large number of genes may be up-
20 and down- reguiated in various conditions. It is this fingerprint, rather than
specific knowledge of gene sequence or function that can be used as a marker
for various conditions. It would be expected that fingerprints be useful across

species barriers to include performance animals such as humans, horse, dog

and camel.



15 Ausubel et al. supra also describes nmethods and apparatus for use with
arrays and is herein incorporated by reference. Control sanples may be
respecti weby2logised | ed in parallel with a test and refererceE/Adanpds3
Quantitation controls within a sanple nay be used to assure that
anplification and | abelling procedures do not change a true 20 distribution
of nucleic acid probes in a sanple. Far this purpose, a sanple may i nclude
or be "spiked" with a known anpunt of 98 control nucleic acid which
specifically hybridises with a control target nucleic acid. After

hybri di sation and Theaeasgegenbohyidieidiasids omthe gray neyt be pedodically d

refl ect accurately anmounts of control nucleic acid added to the sanple.

For such ghangedesand dhese rapraysagrenthen\Bs§igh 68 0b (i riRUTArAbBRh0O&dsS wHiéh have
internal controls, for exanple a nucleic acid encoding a conmon gene

expr esse:didbshBAdE 6 fOspERIFCaRay BBpHisiny & RPUBIfIEFRICRIS e AreXRjemand a

nucl ei ¢ acid encodi ng a gene from anothér species that is known not to
hybri di s AR, Les r I LtLvity d
apeci 1 oi FiF ity BEbndhot AhE] SRERAGARRL br AGbEPARIR SRR pifah oL et ca
speci es al so used. STEP 4 Hybridisin anpl e Nucl ei ¢ Acid Probes
orth B KnowSige eEhe Sc) apsemerl LDl ieRbP i ReCHLS PRI SRS {1 om a
10 bi ol ogi cal sanple froma performance ani mal that has been assessed
concur r ert fgtabasprising the arayeerodivednry the preseat trwentionr Using:a bhatehod.
Nucleic acid targets froma statistically relevant nunber of normnal
ani mal s posle alssl gnabigsriratikired of onamufagteirerandf the afreyerinaegardgetd dhe each of
the genes on the array is calculated and used as a normal reference range
(for examurabé 8pYrrays produced. The batch code further enables validation of a
user of the communication network or “internet” diagnostic method and system.
10 Batch code can also identify a particular type of array used, should more
disease-specific arrays be designed and manufactured.
An example of how an array may be prepared and analysed is
described in Eisen and Brown (Methods in Enzymology, 1999, 303 179) and in
US Patent No. 6,114,114, herein incorporated by reference. Chapter 22 of
15 Ausubel et al. supra also describes methods and apparatus for use with arrays
and is herein incorporated by reference.
Control samples may be respectively labelled in parallel with a test
and reference sample. Quantitation controls within a sample may be used to
assure that amplification and labelling procedures do not change a true
20 distribution of nucleic acid probes in a sample. For this purpose, a sample may
include or be “spiked” with a known amount of a control nucleic acid which
specifically hybridises with a control target nucleic acid. After hybridisation and

processing, a hybridisation signal obtained should reflect accurately amounts of

control nucleic acid added to the sample. For such purposes, a microarray may



15 popul ation nedian). Results froma test sanple froma test aninmal can be
conpared with the sane genes as the nornmal reference to determne if the
test sanwbae2hasis within the normal reference range. FurtPh@rAvoanedsei ¢ aci d
targets nmay al so be prepared from bi ol ogi cal sanples from apparently

normal animals, animals with overt disease, various progressive stages of
di sease, hitherto 20 undi agnosed or uggl assified conditions or stages of
such conditions, animals treated wtR®Rknown anmounts of drugs (legal or
otherwi se), animals suspected of being treated with drugs (legal or

ot her wi sd)aveaiiitefies contiels, §peekamplecrenusleic acidgneedifopa eiremoakgensd
performance, aninmals subjected to (intentional or not) wvarious nutritional
st at es anelpressety ibyotiree peebrranck tanimal wikht &#hewasexpre¥€lon2lV8I35ZAd a

PCT/ AU02/ 00553 60 information fromthe use of such sanples and arrays are

created sygdleithatidt 8A¢odifg P! §sne FbrR CakGRBR Pcieth thalaisaRas®nWhbi tbhen
contain specific patterns of ~gene expression for particular conditions.

Prior to bl {ijafhlﬁgggtv gr %;%rlre?ligg s%[%ﬂe,p M P BY e t%%ngﬁieg%”gﬁ%gsgycgﬁ% cture

Fragnent ati on may | rsation by mmrmsing s

and/ or. cr -hybridisation with angther ic acjd probe in .a sanple or a
el oB” ot eckmg: SR ACEUR it 9 IMG Ealetho- Rt sbSeRenehn be
performed by mechani cal or chem cal neans conmon in the art. A |abelled
nucl ei c APAbedisgsk may hybridise with a conplenentary 10 nucleic acid
probe | ocated on an array. Incubation conditions nmay be adjusted, for

exanpl e incubation tinme, tenperature andST&R 4 strength of buffer, so that
hybri di sati on occurs with precise conplenentary natches (high stringency

condi t i oridybridisih§ SampledNacieég PRtd Prbbes wtis arndieapntarity (1 ow or nedi um
stringency conditions). Hi gh stringency conditions nmay be used to reduce
Nucleic acid probes may be prepared as described above from a

10  biological sample from a performance animal that has been assessed
concurrently by physical inspection and/or blood tests or other method. Nucleic
acid targets from a statistically relevant number of normal animals previously
hybridised to arrays, and a reference range for each of the genes on the array
is calculated and used as a normal reference range (for example a 95%

15  population median). Results from a test sample from a test animal can be
compared with the same genes as the normal reference to determine if the test
sample falls within the normal reference range. Further, nucleic acid targets
may also be prepared from biological samples from apparently normal animals,
animals with overt disease, \)arious progressive stages of disease, hitherto

20 undiagnosed or unclassified conditions or stages of such conditions, animals
treated with known amounts of drugs (legal or otherwise), animals suspected of
being treated with drugs (legal or otherwise), animals under specific exercise

regimes for the sake of performance, animals subjected to (intentional or not)

various nutritional states and/or environmental conditions. Databases of



15 background or non-specific binding. Specific hybridisation solutions and
hybri di sati on apparatus are available comercially by, for exanple,

Strat agerw 02wt ech, Genewor ks. Affynetrix have det ai | edCa/Adtoanesas d
procedure for the hybridisation of probes with an array (as describe at
their website, 20 affynetrix.com incorporated herein by reference),
however, a typical nmethod entails the follow ng: Adjust probe vol une
(prepared as above) to a val ue i ndi caP@d in the "Probe & TE" col um bel ow
according to the size of the cover slip to be used and then add the

appr opr i donormatiandrasn toXMSSOf sudh FawBEsaniarcR/seresToatedBuabiopADESS3 61
Cover Slip Total Hyb Probe & TE 20x SSC (1) 10% SDS (1) Size (mm) Vol une

(1) (1) Zampl2g chh B2 c@mpardl.4Fhediatabdde Rl Bendcotfaif. sfecift?attdifis 3% 28
5.95 1.05 20xSSCis 3.0 MNaCl, 300 mMMNaCitrate (pH 7.0). Denature the

probe by d’&@éﬂﬂeééloﬁ%r ﬁerﬂblﬁlaﬁboﬁ&%}ns and centrifuge at 14,000 RPM for
15-20 mn. Place the entire probe vol ume on the array under the

32?;°Er'mﬁteﬁ' sing. & rapenite Rl S N Seff pBing Nt DEREGRGHE e
#2519, &ébﬁ}%@té:tf‘%”‘&%yairnmv& ﬁ»ﬁ'@rﬁra%o?ﬁ&»%“ hifiaing segpnie a0
renove non- speC|f|c probe and dye bridi sati on. Wash sol utions generally
conpri se &ul/er grass-hybridisation with anot%er nucleic acid probe in a sample or a
nucleic acid comprising non-complementary sequence. Fragmentation can be
performed by mechanical or chemical means common in the art.
A labelled nucleic acid target may hybridise with a complementary
10  nucleic acid probe located on an array. Incubation conditions may be adjusted,
for example incubation time, temperature and ionic strength of buffer, so that
hybridisation occurs with precise complementary matches (high stringency
conditions) or with various degrees of less complementarity (low or medium
stringency conditions). High stringency conditions may be used to reduce
15 background or non-specific binding.  Specific hybridisation solutions and
hybridisation apparatus are available commercially by, for example, Stratagene,
Clontech, Geneworks.
Affymetrix have detailed a standard procedure for the
hybridisation of probes with an array (as describe at their website,

20 affymetrix.com, incorporated herein by reference), however, a typical method

entails the following:

Adjust probe volume (prepared as above) to a value indicated in the "Probe &
TE" column below according to the size of the cover slip to be used and then

add the appropriate volume of 20XSSC and 10% SDS.
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renoval Q -hybridi sSeqd pr.obe canner "array reader” 10 1S used to
det er m ngq)&g(l:ggi%ﬂéﬁﬂgbm&%ﬁaé'tf&ﬁZPIF-J?(':Q%Ce from hybridi sed probes.
The scanned i mages are exam ned to determ ne degree of hybridisation and

the relative abuggeaw;@q?ohl ach. ughﬁiré aci Oﬁbgh?gﬂar%&éﬁfy@ﬁ%tefi,gsgrrpl e

n
signal cdrPedbEH tpg | QHEG'R gene
expression, in a biological sanple. Alternatively, an Affynmetrix array is
15 read andM:&mle@0 Elgor Plakastheaertiipap@benvoldnter ep dheeatsey waggr the
hybri di sati on on
appropriately sized glass cover slip. Hybridize at 65°C (temperatures may vary

when using different hybridisation solutions) for 14 to 18 hours in a custom slide

chamber (for example a Corning CMT hybridisation chamber #2551).

Washing the Array

After hybridisation, the array is washed to remove non-specific
probe and dye hybridisation. Wash solutions generally comprise salt and
10 detergent in water and are commercially available. The wash solutions are
applied to the array at a predetermined temperature and can be performed in a
commercially available apparatus. Stringency conditions of the wash solution
may vary, for example from low to high stringency as herein described.
Washing at higher stringency may reduce background or non-specific
15 hybridisation. It is understood that standardisation of this step is required to
produce maximum signal to noise ratio by varying the concentration of salt
used, whether detergent is present (SDS), the temperature of the wash solution

and the time spent in the wash solution.



perfect match and m smatch probes for each of the 11 probes sets for each
gene. It then calculates a presence or absence, an absol ute value for each
gene and wop2Maisae for the absolute call. Array readers aPeTamarbhedsse
comercially from conpani es such as 20 Axon and Mol ecul ar Dynam cs and

Af fymetrix. These machines typically use lasers, and may use | asers at
different frequencies to scan the arrgﬁ and to differentiate, for exanple,
bet ween a test sanple (labelled with e dye) and the control or reference
sanple (labelled with a different dye). For exanple, an WO 02/090579

PCT/ AUD2/ 00553 63 Aaiyiigal veasieproiesol @@ﬁ%lﬁt&@f r@pmm@rthe slitesfram &slideim f or
excitation of Cy3, and 635 nmfor excitation of Cy5. Arelative quantity
of RNA meghadmeberalrembaingdthay céver siiprand peritey theaslide intpud.¢8SIC (reedpect | ve
nucleic acids on the array for respective sanples 5 based on an anount of

dye det eciBdidedVaBRas Afd 9uph IS utSBERI %’?nrié%’étdr@%?@t ﬂnYrﬁﬂeQ@”eﬁraﬁ‘é‘I@r
subtraction of background noise using controls. The reader
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supplied w e array reader, suc fyne ri system
and nepi x

he Axo Instrune S read [ nd orjmati on,.on 10 the
ocat on SULEALAToF & Srealh of G- e By S adaplito ehaH e nenbisd d i s
given a readout value. Controls or reference sanples providing a readout
for partQfdueeEthanans didgcatastimedforfexample, sliderask®ndar d ranges ensures
correct integrity of the array and hybridi sation procedures. Prograns
typically generate digital data an®@TER Bat it for transm ssion 15 STEP 6
Querying and Transfer of Digital Data to a Central Database

Reading the Array

After removal of non-hybridised probe, a scanner or “array reader”

10 is used to determine the levels and patterns of fluorescence from hybridised
probes. The scanned images are examined to determine degree of
hybridisation and the relative abundance of each nucleic acid on the array. A
test sample signal corresponds with relative abundance of an RNA transcript, or
gene expression, in a biological sample. Alternatively, an Affymetrix array is

15  read and computer algorithms calculate the difference between hybridisation on
perfect match and mismatch probes for each of the 11 probes sets for each
gene. It then calculates a presence or absence, an absolute value for each
gene and a p value for the absolute call.

Array readers are available commercially from companies such as

20 Axon and Molecular Dynamics and Affymetrix. These machines typically use

lasers, and may use lasers at different frequencies to scan the array and to

differentiate, for example, between a test sample (labelled with one dye) and

the control or reference sample (labelled with a different dye). For example, an



GCenerated data is transmtted via a communi cations network to a renote
central database. A user having access to the gene expression data enters
i nf or mat iwo oen90524 ation to a test sanple into a standard @cagognIzs3form 20
such that it can be digitalised. The information will include clinical
apprai sal and blood profile results. The format of such information is
standard globally such that details aqon clinical conditions may be based on
nunerical input and each field of en16|3y can be digitalised. For exanple,
body tenperature field could be nunber 0001, a recorded tenperature wthin
nor mal r aarRy weadel may gienerathespactral line® 87 §3RCI AQ0 2KCitBER ofcdyduabdr O,

0. 5C above what is considered to be the nornmal range for that species

woul d r edd35/emdonertitation, ofICys.above normal range woul d receive 10. Sone
exanpl es of conditions that may be scored or rated in such a fashion are

rovi ded below. 5 I )
p A rElafve GRBRAKASURRA %ygt{/& EQIHUf%'f@(% .bg%]’t:ﬁé g)nsé}" &ader

abcesses, wounds, insects/parasites, al , Infecti

Car o] el FALBINEr ) FeopebaR e Sen Y L RS i
10 Cr891 ot Souds L LG Lhorercaplel 2 auspul ot hon sounge,  hear

di arrhoea, colic/stasis, parasites, appetite |level, drenching tinme and
dose. e) RepeeiiiecOppes gebtsactione ghdresikgramser npise, Using| $.onlhe
di scharges. 15 f) Muscul oskeletal: |anmeness, lamnitis, bone or shin

s;arengass,r)ezadsclie preepegestnmed ttyi pgfonm suehdcalcatationga(uesitg girbpriékedy | evel
oL so-ftrv?ayre supplied with the array reader, such as MAS 5.0 for the Affymetrix
system and Genepix for the Axon Instruments reader) and with information on
10  the location of each nucleic acid on the array such that each nucleic acid is
given a readout value. Controls or reference samples providing a readout for
particular nucleic acids that falls within standard ranges ensures correct
integrity of the array and hybridisation procedures. Programs typically generate
digital data and format it for transmission
15 STEP 6
Querying and Transfer of Digital Data to a Central Database
Generated data is transmitted via a communications network to a
remote central database. A user having access to the gene expression data
enters information in relation to a test sample into a standard diagnostic form
20 such that it can be digitalised. The information will include clinical appraisal and
blood profile results. The format of such information is standard globally such
that details on clinical conditions may be based on numerical input and each

field of entry can be digitalised. For example, body temperature field could be

number 0001, a recorded temperature within normal range would receive the



data, scintigraphy data, CAT scan data, bursitis, bruising, cranping or
"tying up". g) Blood test results: biochem stry, inmunol ogy, serol ogy
(viral, WwOobagtsesiol ogical, hornone |evels), cell countspceatuo2memsphol ogy,
pat hol ogi st interpretation. h) Qher diagnostic test results: X-ray,

bi opsy, hi stopathol ogy, CAT scan, MR, bacteriology, virology. WO

02/ 090579 PCT/ AU02/ 00553 65 i) O her gat a. Season (date), location, nale
or female, vaccination history, body¥core (fitness and fat), fitness

l evel . Alternativel the entire systemcoul d be based on the

af or enentnusnleer 8 apovenwipt Is gppsidpracht@ bepthe neampbrangeofanib@itpass 5
descriptions of exercise physiology and the normal animal. Alternatively,

t he enti repesiest wouldoecdiveed yuatber &t1°ar abatee gormalalandetwoult atceiaa 1ioe

apprai sed and scored by software such as Omiviz. Watever systemis used,

i f woul d dene aRBARFESbEEoRBONS Afat#ha) bE skeretfsaras iy susyatrasmbherel y and

in a standard manner describe the current condition of the animal to the
best of B{Iﬁﬁal%@ﬁ avai |l abl e technol ogi es and could include results from
machi ner;c}yrsuc as Xx-ray, ultrasound, scintigraphy and bl ood anal ysis. The

user al so.ensyte hat array results (that nmay for exanple be
aut onBt i &I | ytté%ﬁi}’i%?‘@&r?%ﬁ] a reader), array specifications, data mning

specifications, level of interpretation required and the clinical
i nf or mat in arlBtegymeent: €YeaNPIEsr ABEH TG, WOUNHE, Daaeisiharasifesaddeftye same
sanple. The formis transmtted electronically to a central database and
recogni sed as iafectiodi vi dual accession or request by the database. The
central database recognises the
C) Cardio/Respiratory: eyes, nasal discharge, rales, viral/bacterial
infection, allergy, chronic obstructive pulmonary disease, cough/wheeze,
10 crepitous sounds in the thorax, epistaxis, auscultation sounds, heart
sounds, capillary refill, mucous membrane colour.
d) Gastrointestinal:  diarrhoea, colic/stasis, parasites, appetite level,
drenching time and dose.
e) Reproductive: stage of pregnancy, abortion, inflammation, discharges.
15 f) Musculoskeletal: lameness, laminitis, bone or shin soreness, muscle
soreness or tying up, tendon or ligament affected, level of pain, X-ray
data, scintigraphy data, CAT scan data, bursitis, bruising, cramping or
“tying up”.
g) Blood test results: biochemistry, immunology, serology (viral,
20 bacteriological, hormone levels), cell counts, cell morphology, pathologist
interpretation.

h) Other diagnostic test results: X-ray, biopsy, histopathology, CAT scan,

MRI, bacteriology, virology.



user (using for exanple digital certificates), the user recognises the
central database, the array batch code and gene array order are verified,
and the uwern2A®57s al | owed access (which may be aut omati cpcamdioanessat i c
processing of the request is perforned if security and billing information
are adequate. The processing involves specific mning of central data and
specific user requested information is retrieved and resent automatically.
WD 02/ 090579 PCT/ AUD2/ 00553 66 The aB8ve steps may be automated so that a
user need not be present to performthe tasks. In an automated enbodi nent
of the iryentiQther datae Serpor{date) Idaatiorn, nuale o famais; viasaidetionhistory,
transmtted via a comrmunications network directly to a server which is

connected to @douyrdooaé (fiindes ahdgat), fiddsd lewshl infornmation could be input by
the user at a processor which is also linked to the array reader.

Automat ed Data M nigigerisiivedy, Sethe DadtRe ( Hedfdmt icould®t BadShasBdCest I he
dat abase interprets the array specifications (eg. nucleic acid order on a

T o1 08 ' hrerfSRARR SRR Ut AARBLELE odifLBbHL R Bnodfipae €

acid expresSsion lTevel "Ina 0gl ca and “conpar es e expression

| evel _and, pat.terns of expression with known standards or .referenc range.
Var i offs. 1GSRETIRIGHS GhexBHLEe PRYSKIRGH 27 GRS MSMBL SRSRRr o AlIEMATHE e
transm tted, depending on the user requirenents. Custers of genes may be

up- r egul R&ndige isienmeotish (gl vadtexh ot eategioncalbdrtipt thehsaame eprraligdadide nakes

15 automated correl ations to specific conditions by accessing various
| evel s ofscoded blyaseftwarieosuatt menOniviviz.ngVbafavearsystams lis aselieifanould i | i con
Genetics), ArraySCOUT (Lion Bioscience) can be used in this instance, and
nmor e appreciated that the aim is to adequately, systematically and in a standard
manner describe the current condition of the animal to the best of currently
10 available technologies and could include results from machinery such as X-ray,
ultrasound, scintigraphy and blood analysis.

The user also ensures that array results (that may for example be
automatically collected from a reader), array specifications, data mining
specifications, level of interpretation required and the clinical information are

15  entered and correspond to the same animal and the same sample. The form is
transmitted electronically to a central database and recognised as an individual

. accession or request by the database. The central database recognises the
user (using for example digital certificates), the user recognises the central
database, the array batch code and gene array order are verified, and the user

20 is allowed access (which may be automatic) and automatic processing of the
request is performed if sécurity and billing information are adequate. The

processing involves specific mining of central data and specific user requested

information is retrieved and resent automatically.



advanced data m ning technol ogies could be used to identify patterns and 20
near est nei ghbour information in data (such as products from AnVil

I nf or mat iwe 02bgs7and Omi Viz Inc). Further, software capalpCa/aafo2nedss ng

rul e-based instructions (such as that described by Pacific Know edge
Systenms Sydney Australia in their "ripple dow" technol ogy) and having the
ability to self learn (heuristics an% neural network systens) such as that
described in Khan et al. WO 02/0905796BCT/ AUD2/ 00553 67 Nature Medicine 7
(6) 673, incorporated herein by reference, could be used at this stage to
limt the | evel of Harahoverséenrs maynbe mugemaied so tigataa disegmesdsnotibe t hi s

| atter exanple, an artificial neural network is used, and sanples are

di vi ded presentt icaperfagn dhd tusks. dan iapnastehmtéd emssdiment af tieel ioantiohat ed
nodels. The 5 calibrated nodels are then used to rank genes in diagnostic

iwportan@né%rése%n dah@bagsin BN bRl U derUnhiH Shd epnsRBdENGRS 4 €9 3
and 5 EST sequence of genes CGene idéentity, horpl ogous genes, tissue

)
expr essi Q%ngbéﬁ?@%@ As ﬁéﬁ%ﬂ{’lgl}egp?f‘d laui:@ré/ef: Wfich gser?:gnﬁéb't%%sa Rrggem cal

pat hway, erences I Mmer Sequences used 10 generate
anpl i fi cagi,on product. Wo_primer equences uysed to uniquely anplify
The gfne qambamAdaifetd Snlteon Saus He et Do e dsp? Ak fishassd"
construction and format (eg coded information on array nanufacture batch
and i dentWhicR it alse lpkegdadlze affay geaden on on the array) 15 Blood profile
and clinical data associated with particular conditions (eg standard
clinical Automatsd BataMiningEsinga8antBatee (Hewtistic Methddpj of i | e  dat a)
Array data for normal and apparently normal status (eg 95% nedi an range
A central database interprets the array specifications (eg. nucleic
acid order on a microarray), decodes the information transmitted, determines
10 nucleic acid expression level in a biological sample and compares the
expression level and patterns of expression with known standards or reference
range. Various levels of database interpretation may be applied to the data
transmitted, depending on the user requirements. Clusters of genes may be
up-regulated or down-regulated in certain conditions and the database makes
15 automated correlations to specific conditions by accessing various levels of
database information.
‘Mining software such as Metamine (Silicon Genetics),
ArraySCOUT (Lion Bioscience) can be used in this instance, and more
advanced data mining technologies could be used to identify patterns and
20 nearest neighbour information in data (such as products from AnVil Informatics
Inc and OmniViz Inc). Further, software capable of taking rule-based
instructions (such as that described by Pacific Knowledge Systems Sydney

Australia in their “ripple down” technology) and having the ability to self learn

(heuristics and neural network systems) such as that described in Khan et al.



for normal aninmals) 20 Array data for inducible disease and di sease nodel s
Array data for various overt diseases (eg joint inflanmation) Array data
for stagewook/o9®re ous overt di seases (eg pre-clinical, clipoiredaio2ads
recovery stages) WO 02/090579 PCT/ AU0O2/ 00553 68 Array data for the

i nfluence of various classes of drugs, |legal or otherw se, of known

adm ni stration and dose, or unknown adm nistration or dose (eg various
steroids) Array data for the respons@ to known and various |evels of drugs
used as a 5 therapy (e arious anti-inflammatory nedication at specific
doses f orNature piedicine E%@WIS dngorparateg heseia oreferamcee spulddee tisedatr ci se
and various training regines Array data for the response to nutrition and
various ftadstagertedimieshe vehyf Haimanfinteradtior espetesairing bhdiagnodis.omyent so
as to possibly determne 10 influence of during various seasons, or

al | er gensthy laftéleéxéMBRéS anEe\"rﬁﬂméPﬁ&?réFhé@vdrﬁY@hsé&'érﬁssé’rﬂp%% dreamiqaqe

previ ous | evel dat abase to allow for interpretation. The database may

be built er, % se i ncur
a great er'méoértaﬁ'ﬁ@ A vl SRR B 88 B R P pove
met hodol o ncrease 1 the sepsitivity qof the detection of variation in
expreg§i oc%}{gf"ﬁ@g ‘5‘?‘6@"% qgfpcb@qggeryets}{pgl%ms CiRPPURRCE he use of
condition-specific arrays or condltlon- specific priners.

Condi t i or-8Mels-of datahppeyravcislude: manuf act ured by a conpany such as
Affymetrix (under instructions) that would allow for increased sensitivity

and specid i tinigue gerd seqaenass (R9Z3 anll S11EI sequieecaisgehes)st of producti on,
and

+ Gene identity, homologous genes, tissue expression, keywords, function,
cellular role, gene clusters, biochemical pathway, PubMed references

10 « Primer sequences used to generate amplification products (eg two primer
sequences used to uniquely amplify the gene for gamma interferon in a
particular species)

» Microarray construction and format (eg coded information on array
manufacture batch and identification of genes and position on the array)

15 o Blood profile and clinical data associated with particular conditions (eg
standard clinical information and IDEXX-machine generated blood profile
data)

» Array data for normal and apparently normal status (eg 95% median range
for normal animals)

20 « Array data for inducible disease and disease models

» Array data for various overt diseases (eg joint inflammation)
« Array data for stages of various overt diseases (eg pre-clinical, clinical and

recovery stages)



20 the ability to process multiple sanples at once. The process of buil ding
the database is iterative, such that specific genes are correlated to
speci fi c woen@ddtsions, and the detection of variations in PhEsdgess
becones nore sensitive and specific through the use of various nodifying
processes through the procedure (eg. the use of gene-specific prinmers for
the anplification and WO 02/ 090579 PCT/ AU02/ 00553 69 | abelling of cDNA
fromRNA, and the selection of |inite®8nhunbers of genes on a disease- or
condition-specific array, detection of splice variants and single

nucl eot i ce PorayndateHios tieg infloerpe of Varrigua rirgseissefodrBige ctagahpt oftegreise, ng The
dat abase reports back electronically to a renote user, either

aut omat i cal bf known administeatin afd iosen or ninkheent adminidifetiosl ectosei(egr epor t
may be converted to a printed docunent. The report provides details of an
animal's coafbld eferdiaagy i s determined by correlation of gene expression
data with 10 information stored in a renote database, and optionally

expert anal g3, g tafferfnaet{a ggsggo%gmqé Léﬂfj“&ﬁlelbe@ewpgg UB8ASS 4

up-regul ated o own-regu or exanple, am ni or—j o1 ht
capsule inflanmmtion or . bursit.is, a report on the up-requlation of genes
cubh s i nt LTERK B0 Varcl ZRldtnatimardy: mediheting: dbapoaip ooy for a
nmet al | oprot ei nase mati x-netal |l o-el astase, ferritin light chain my have
sone corr ePREFIHA cOBAitiPBlue i nfl anmmation, and down-regul ati on of genes such
as insulin-like gromh factor and its receptor may be correlated to
recovery ¢ r Amaysiath far theméspowse to Sxercisdertd varicafs trdiring rggimess cannot be
predicted to be associated to any condition unless the above described
et hodol agy Ay data for the response to nutrition and various feeding regimes

« Array data for the response to the environment so as to possibly determine

10 influence of during various seasons, or allergens or feed types.

Each successive level relies on at least one previous level of
database to allow for interpretation. The database may be built over time and
more intensive searching of the database may incur a greater cost. As the
database grows, changes may be made to the above methodology to increase

156  the sensitivity of the detection of variation in expression of condition-specific
genes — this could include the use of condition-specific arrays or condition-
specific primers. Condition-specific arrays can be manufactured by a company
such as Affymetrix (under instructions) that would allow for increased sensitivity
and specificity, much reduced size of arrays, decreased cost of production, and

20 the ability to process multiple samples at once. The process of building the
database is iterative, such that specific genes are correlated to specific
conditions, and the detection of variations in these genes becomes more

sensitive and specific through the use of various modifying processes through

the procedure (eg. the use of gene-specific primers for the amplification and



20 used and dat abases on rel ative expression of genes for particul ar
conditions have been conpiled. Therefore a screening test covering all
genes maywoneeehsto be performed first and a second, nore PpEcitooIest then
appl i ed. WO 02/090579 PCT/ AU02/00553 70 The overall pattern of gene
expression and any correlation to particular conditions. For exanple,
animals in heavy training nmay have a Sne "fingerprint" that is different
to animals being spelled fromtraini ng. I ndi vi dual pattern of gene
expression (ie. the shape of the gene expression 5 pattern over a tine
cour se orabelling pf @Db@nﬁo@sRNé\kanddb@se@cg@m iobdmiteg nupplerg©f genaa carm mal
recovers froma condition) Changes to a pattern of gene expression, gene
expr essi aflsgasef i b conditienadpecffior arragj tigtectiani oflsplivervaiantsremnpesingie or f or
successive tests. Custers of genes up-regul ated or down-regulated in a

parti cul gy cfyidet pdNmoshisiiagl.hways of genes up-regul ated or down-regul ated
in a particular condition Correl ati ons between genes up-regul ated or

down-regul ated and known conditi on§-|-§35 7Stage of condition, or influence
Known therapies to aneliorate the condition or enhance desired effects

Speci gl i t hol oqgi st itt i nferpretation 15 Relevant information of
use tg vitéﬁﬁﬁa‘gﬁsgﬁsé'eﬁg&%ﬁ]%%@?ﬂu oners, owners, trainers and athletes
Col I ections of data on groups of aninals under specific nmanagenent regines
Thr oughout t he spedilia dalabagetrapods hagk elerenicallydesz remete Heer, Bithgr ef err ed
enbodi nents of the invention without Iimting the invention to any one
enbodi nergutomatipalbi 6r withod leaed iob huafarf iméervertion.| {Theoelbdtromie report andy
appr eci at ed
be converted to a printed document. The report provides details of an animal’s
condition that is determined by correlation of gene expression data with
10  information stored in a remote database, and optionally expert analysis.
Information sent might include:
« Individual genes up-regulated or down-regulated (for example, with laminitis
or joint capsule inflammation or bursitis, a report on the up-regulation of
genes such as interleukin-3, manganese superoxide dismutase, Groa,

15 metalloproteinase matix-metallo-elastase, ferritin light chain may have some
correlation to tissue inflammation, and down-regulation of genes such as
insulin-like growth factor and its receptor may be correlated to recovery from
such a condition). The identity of these genes cannot be predicted to be
associated to any condition unless the above described methodology is

20 used and databases on relative expression of genes for particular conditions

have been compiled. Therefore a screening test covering all genes may

need to be performed first and a second, more specific test then applied.



by those of skill in the art that, in light of the instant disclosure,
various nodifications and changes can be made in the particul ar

enbodi nerwe 02e%snpl i fi ed wi thout departing fromthe scopePefi/Atoeogisesent

i nvention. For WD 02/090579 PCT/ AU02/ 00553 71 exanple, the exanples
described herein may be used with performance animals other than horse,
for exanple human, dog and canel. All _references, inclusive of patents,
pat ent applications, scientific docuf@nts and conput er programns, referred
toin this specification are herein 5 incorporated by reference inits
entirety.® ©20'vrell 7eatierT/ piUuggne osgBession and By gorr@atien Hedpdrdiculassessi ng
a condition of a performance animal including the steps of: (a)

det er mi ni ngcondiiorsnplFer odataanplied dnimalsaimdreboy niraioing Mmanihawe angafeindance
of an expressed target nucleic acid normalised to at |east one reference

nucl ei ¢ aci ?fi@@ﬂﬁ)ﬁﬁ@%éﬂi@ﬁjﬁéﬁénmrdm*nb%iﬁ@% dper foRf traiRfhg. t arget nucleic
acid as a digital sanple signal; (b) transnmtting via a conmuni cations

network the iight,af p%ﬁ%fggeﬂeg regéioﬁet?deéttg%%héﬁg%%é(geﬁéa%{ﬁg?gg@gnOSt e

server and assocCl ate ocesSsor an ase conpri
i nforpati on igerelation.to an abundance . of et nucleic.acid ich

cor r eSponds PEBEY PXPE BcHing: CRYRT; Qi BIvItRLE %@B%&%@?W@é % RPHA ;m%‘i‘:,\l{)1
processing the digital sanple signal at the renotely |ocated database to
correl ate t RBaRYYREAN aNiFFhrecsvesy Bpmapongditiant he digital information of
» Changes to a pattern of gene expression, gene expression profile or level
for a single animal over a time period or for successive tests.
» Clusters of genes up-regulated or down-regulated in a particular condition
10 « Pathways of genes up-regulated or down-regulated in a particular condition
» Correlations between genes up-regulated or down-regulated and known
conditions, or stage of condition, or influence
« Known therapies to ameliorate the condition or enhance desired effects
» Specialist pathologist written interpretation
15 < Relevant information of use to veterinarians, medical practitioners, owners,
trainers and athletes
o Collections of data on groups of animals under specific management
regimes
Throughout the specification the aim has been to describe the
20 preferred embodiments of the invention without limiting the invention to any one
embodiment or specific collection of features. 1t would therefore be appreciated
by those of skill in the art that, in light of the instant disclosure, various

modifications and changes can be made in the particular embodiments

exemplified without departing from the scope of the present invention. For



15 step (b) thereby identifying a particular condition of the performance
animal; and (d) returning a report of the particular condition of the

per for marwe oanpesed . 2. The nethod of claim 1l wherein the PaFp@®2/0@spri ses
at | east one 20 imune cell type. 3. The nethod of claim2 wherein the at

| east one inmune cell type is a white blood cell. 4. The nethod of claim1
wherein the nornalised abundance of the target nucleic acid is an absolute
abundance. WD 02/ 090579 PCT/ AU02/ 005531 73 5. The method of claim 4 wherein
the normal i sed abundance of the target nucleic acid is a relative
abundancexamplghdheeexauples deacnihed fhareinemayndieudised with pedprroance
determning fromsaid sanple or other sanple obtained fromthe sane

per f or mararémals othker tHaralsorise, freRatmle homan; dogradddaphelgi cal paranmeters and
recording said paraneters. 7. The nmethod of claim®6 wherein said

paraneters are trangnidibRhcel! ﬁ‘wcﬁlm'ﬂbﬁtéoﬁéteﬂﬁ pgnéfatro%st eel

renotely | ocated diagnostic server and associ ated cessor an at abase

s ol ectehiSandOoyRa Sofarelie et L i gﬁﬁéﬁ%ﬁ' 6% b "an

ext rapet wirel eatsqé( qus or. ddlcat d link. 9. The nmethod of claim 4
wher ePn tREFTRRERIP RAcH e %?ntﬂrﬁ - target nucleic acid is determ ned by
the steps of:



15 (i) detecting a first hybridised conplex fornmed by at |east one target
nucl eic acid and a perfect-conplenentary probe nucleic acid |ocated on a
sol i d supworoe/09asher eby providing a digital perfect target PESITgaak/ooBsi)
detecting a second hybridi sed conplex forned by at | east one target

nucl eic acid having a sane nucl eoti de sequence as the target 20 nucleic
acid in step (i) and a m smat ch-conpl enentary probe nucleic acid conprising
a nmismatched nucleotide in a central “Bcation of the nismatch-

conpl ementary probe nucl eic acid when conpared with a correspondi ng
perfect-conpl ementary probe, wherei ELAMEST smat ch- conpl ementary probe WO
02/ 090579 PCT/ AU02/ 00553 74 nucleic acid is located on a solid support and
hybri di sat.i on t her eAometimd ders assesBing tal conditiont of 4 gegfirmaingsadnin@nd (iii)
conparing the digital perfect target signal of step (i) and the digital

m smat ch jhauERly theWiehs 8f step (ii) to provide a digital signal of 5
absol ut e abundance of the target nucleic acid. 10. The nethod of claim?9

et ect abl o by r espdd] rvatgeitbRf iingdt RaFBE BiakiCrbint AR mlgt ™ °
ci ds Sar TEBLAN EPUANERCH b LN PP Pes oL Nugelc PRe REHIGeOHO A AR 11
wherein the | abelled target nucleic acid is cRNA 13. The nethod of claim
9 wher ei rPnehgeiesrnee suplede acic aad arqviding the. naimealisedhabiundangeaiomths
wherein the array is a mcroarray. 15 15. The nethod of claim5 wherein the
rel ati ve tatlpetcachsdc atidtdsea digital sample signal;
(b)  transmitting via a communications network the digital
sample signal of (a) to a remotely located diagnostic server and associated
10 processor and database comprising digital information in relation to an
abundance of the target nucleic acid which corresponds to a particular condition
of the performance animal;
(c) processing the digital sample signal at the remotely located
database to correlate the digital signal of step (a) with the digital information of
15  step (b) thereby identifying a particular condition of the performance animal;
and
(d) returning a report of the particular condition of the
performance animal.
2. The method of claim 1 wherein the sample comprises at least one
20  immune cell type.
3. The method of claim 2 wherein the at least one immune cell type
is a white blood cell.

4, The method of claim 1 wherein the normalised abundance of the

target nucleic acid is an absolute abundance.



target nucleic acid is determned by the steps of: (A) detecting a

hybri di sed conplex fornmed by at | east one sanple target nucleic acid and a
conpl emerwearog/ossnpl e probe nucleic acid |ocated on a sol PETSUPRPOIISIt O
provide a digital sanple target signal; 20 (B) detecting a hybridised
conplex formed by at | east one reference target nucleic acid conprising a
nucl eoti de sequence different than t%g; target nucleic acid of step (A,
and a conpl enentary reference probe cleic acid | ocated on a solid
support to provide a digital reference target signal; and WO 02/ 090579
PCT/ AU02/®0553 75 Iy methpdraf mipiche whejeinaihesaompialisedrajsindengaaf the st ep
(A) and the digital reference target signal of step (B) to provide a

di gi tal dbggeilnueteic acitis\eerelativerabamdanocé. t he target nucleic acid. 16. The
met hod of claim 15 wherein the respective conplenmentary 5 nucleic acids of

step (A) @nd step (Pe tREBBHSS dae'f AftHer IRONBIRMEBRL 8fep 6f defRPRRIiIRgOUS
nucl eoti de sequence. 17. The nethod of claim 15 wherein the respective

hybri di s 1l : I ctively
"hpel 1 ng PRea satfile Bt ot el aRba ot ditntiFhaiomort SARRAT. | o7
acid. .10 18.. Thﬁ rre{agod of claim 1;.\/]\,her eli n the y[especti ve sgrﬂal e t.@r get
and Phe 3%fBr SR & §8F AicMare Rigledical PAramietersy aRch HeeQdindo Said,
biotin. 19. The nethod of claim1 wherein the performance animal is a
mammal . JAramedeiget hod of claim 19 wherein the manmal is selected fromthe
15 group consisting of: human, horse, dog and canel.

The method of claim 6 wherein said parameters are transmitted

via a communications network to the same remotely located diagnostic server
and associated processor and database of step (b).

10 8. The method of claim 1 wherein the communications network is
selected from the group consisting of: the Internet, an intranet, an extranet,
wireless means or dedicated link.

0. The method of claim 4 wherein the absolute abundance of the
target nucleic acid is determined by the steps of:

15 (i detecting a first hybridised complex formed by at least one
target nucleic acid and a perfect-complementary probe nucleic acid located on
a solid support, thereby providing a digital perfect target signal;

(i)  detecting a second hybridised complex formed by at least
one target nucleic acid having a same nucleotide sequence as the target

20 nucleic acid in step (i) and a mismatch-complementary probe nucleic acid
comprising a mismatched nucleotide in a central location of the mismatch-
complementary probe nucleic acid when compared with a corresponding

perfect-complementary probe, wherein the mismatch-complementary probe



21. The nethod of claim| wherein the condition conprises an athletic
ability and a condition that enhances, hinders, inpedes or does not change
an expecwed2afisfety of said performance animal. 22. The mwerham2065581 ai m 21
wherein the condition conprises normal, 20 apparently normal, pre-clinical
di sease, overt disease, progress and/or stage of disease, undiagnosed or
uncl assified conditions, presence of drugs, response to exercise, response
to vaccines, therapies, nutritional s 4tes and response to environnental
conditions. WD 02/090579 PCT/ AU02/ 00553 76 23. The nethod of claim 22

wher ei n tThgleic asid és osatad sas splid stppertiand bybridisationethenetogirovidesi amune
system a condition affecting respiratory, nuscul oskeletal, urinary,

gast r oi ntdigitalmaisnaich tetgeiksignalgandi ovascul ar, reticul oendot heli al, nervous,
speci al senses, reproductive, and 5 integunent systens. 24. The net hod of
clai m 23 wherein thg)di seaRgafiRI B SRSital Harfdlct t&rget 'sﬁj?%l"?_ﬁsste;’!'(l)aéncpr

bacterial disease, colic, gastritis, gastric ulcers, Tespiratory ailnents,
epi st axi f L i I §~edd.:LALN
o sease oy HBRRD T Smalts® SaboBR Skt or SR 80 L AR08 1 T YbRatR oy v ay
conpri.sing o or. re prophe nucleic acids immobilised to a surface,
V\herelpn t Oﬂgsﬁé’é‘fqaéec‘ngﬁ@ HLFtUCIBIE AGY conprise nucl eoti de sequences
hybridisable to a target nucleic acid; (l1l) an array reader that detects
hybri di setP-conpl exekhg omethpd 16f rdaipec?i whieyeipy theeraspegtive nhypridisedici d and
the probe nucleic acid, whereby the array reader generates a digital
si gnal ofcanmgeres péstepy ¢) dadestepdiihpabe deétesxable by respectively labelling the

target nucleic acids.

11. The method of claim 10 wherein the respectively labelled target

10  nucleic acids are labelled with biotin, Cy3 or Cy5.

12. The method of claim 11 wherein the labelled target nucleic acid is
cRNA.
13. The method of claim 9 wherein the solid support is an array.
14, The method of claim 13 wherein the array is a microarray.
15  15. The method of claim 5 wherein the relative abundance of the

target nucleic acid is determined by the steps of:

(A) detecting a hybridised complex formed by at least one
sample target nucleic acid and a complementary sample probe nucleic acid
located on a solid support to provide a digital sample target signal;

20 (B) detecting a hybridised complex formed by at least one
reference target nucleic acid comprising a nucleotide sequence different than
the target nucleic acid of step (A), and a complementary reference probe
nucleic acid located on a solid support to provide a digital reference target

signal; and



conplexes; (I11) a renotely |ocated database storing information in
relation to abundance of the target nucleic acid and clinical and bl ood
profil e daDa20@B7¢corresponding to particul ar conditions ofCpaxtfooneasce
animals; (IV) a diagnostic server that receives the digital signal from
step (Il) and correlates the digital signal with information in the

dat abase to identify said particul arg%gndi tion and reports said particul ar
condition; and WO 02/ 090579 PCT/ AU02/ 53 77 (V) a neans for

comuni cating between the array reader. and tlh di agnostic server. 26. The
system of claim 25 § ere?‘?fnf’ﬁ@'x%lﬂéﬁ)éi'g‘\ saMpPlecarget sival o siap (A 8ndlt he
group consisting of: a perfect-conplenentary nucleic acid conprising 5 a
nucl eot i déesHigitalneterpace targetsignalpif stem Bty provideea digitgesignalcfeelatisei d, a
m smat ch- conpl enentary nucl eic acid conprising a m smatched nucleotide in a
central |amaidemeeadst thdéargathedieicamidl when conpared with a correspondi ng
perfect-conplenmentary nucleic acid, and a reference nucleic acid conpri sing

a nucl eofgde sequengg rhbiodi & QliafrﬁeTSEWhérQiﬁntHehF‘eép%Eﬁﬁ daHfalsﬂn%n@afrgd ?—Eg

10 hybridisable to a conplenentary reference target nucleic acid. 2
system of, chiakdds br'stdIF(aFgRR S} 8) BoMpHae 4 Peftoth) WnitkmehRY'h-
homologous nucleotide sequence.
17. The method of claim 15 wherein the respective hybridised
complexes of step (A) and step (B) are detected by respectively labelling the
sample target nucleic acid and the reference target nucleic acid.

10 18. The method of claim 17 wherein the respective sample target and

the reference target nucleic acids are labelled with Cy3, Cy5 or biotin.

19. The method of claim 1 wherein the performance animal is a
mammal.
20. The method of claim 19 wherein the mammal is selected from the

15  group consisting of: human, horse, dog and camel.
21. The method of claim 1 wherein the condition comprises an athletic
ability and a condition that enhances, hinders, impedes or does not change an
expected ability of said performance animal.
22. The method of claim 21 wherein the condition comprises normal,
20 apparently normal, pre-clinical disease, overt disease, progress and/or stage of
disease, undiagnosed or unclassified conditions, presence of drugs, response
to exercise, response fo vaccines, therapies, nutritional states and response to

environmental conditions.
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23. The method of claim 22 wherein the disease comprises
inflammation or involvement of the immune system; a condition affecting
respiratory, musculoskeletal, urinary, gastrointestinal and adnexa,
cardiovascular, reticuloendothelial, nervous, special senses, reproductive, and
integument systems.

24. The method of claim 23 wherein the disease comprises laminitis,
lameness, viral or bacterial disease, colic, gastritis, gastric ulcers, respiratory
ailments, epistaxis, fractures, musculoskeletal damage or disorders and joint
disease in the horse.

25. A diagnostic system comprising:

() an array comprising one or more probe nucleic acids
immobilised to a surface, wherein the respective probe nucleic acids comprise
nucleotide sequences hybridisable to a target nucleic acid;

(I an array reader that detects hybridised complexes formed
respectively by the target nucleic acid and the probe nucleic acid, whereby the
array reader generates a digital signal of the respective detected hybridised
complexes;

(Iy  a remotely located database storing information in relation
to abundance of the target nucleic acid and clinical and blood profile data
corresponding to particular conditions of performance animals;

(IV) a diagnostic server that receives the digital signal from step
(I1) and correlates the digital signal with information in the database to identify

said particular condition and reports said particular condition; and
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(V)  a means for communicating between the array reader and
the diagnostic server.
26. The system of claim 25 wherein the probe nucleic acid is selected
from the group consisting of: a perfect-complementary nucleic acid comprising
a nucleotide sequence perfectly complementary to the target nucleic acid, a
mismatch-complementary nucleic acid comprising a mismatched nucleotide in a
central location of the nucleic acid when compared with a corresponding
perfect-complementary nucleic acid, and a reference nucleic acid comprising a
nucleotide sequence that is different than the target nucleic acid and
hybridisable to a complementary reference target nucleic acid.
27. The system of claim 25 further comprising a means to display the

report.



